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PFrOMBINANT ANT1-CD30 ANTIBODIES A ND USES THEREOF 

1. wi itt n nF THE INVENTION 
The present invention relates to methods and compositions for the treatment 
5 of Hodgkin's Disease, comprising administering a protein that binds to CD30. Such 
proteins include recombinant/variant forms of monoclonal antibodies AC10 and HeFi-1, 
and derivatives thereof. This invention relates to a novel class of monoclonal antibodies 
directed against the CD30 receptor which, in unmodified form, are capable of inhibiting the 
growth of CD30-expressing Hodgkin's Disease cells. 

10 2. WAfiKOROUNi * ™ THF, INVENTION 

Curative chemotherapy regimens for Hodgkin's disease represent one ofthe 
major breakthroughs in clinical oncology. Multi-agent chemotherapy regimens have 
increased the cure rate to more than 80% for these patients. Nevertheless, 3% of patients 
,5 die from treatment-related causes, and for patients who do not respond to standard therapy 
or relapse after first-line treatment, the only available treatment modality is high-dose 
1= chemotherapy in combination with stem cell transplantation. This treatment is associated 

11 with an 80% incidence of mortality, significant morbidity and a five-year survival rate of 

r l e s S than50%(5 ee e.g.,Engert, e fa/., 1999, Seminars in Hematology 36:282-289) 

!' * 20 The primary cause for tumor relapse is the development of tumor cell clones 

resistant to the chemotherapeutic agents. Immunotherapy represents an alterative strategy 
which can potentially bypass resistance. Monoclonal antibodies for specific targeting of 
malignant tumor cells has been the focus of a number of immunotherapeutic approaches. 
For several malignancies, antibody-based therapeutics are now an acknowledged part ofthe 
25 standard therapy. The engineered anti-CD20 antibody Rituxan®, for example, was 
approved in late 1997 for the treatment of relapsed low-grade NHL. 

CD30 is a 120 kilodalton membrane glycoprotein (Froese et al, 1987, J. 
Immunol 122: 208 1-87) and a member of the TNF-receptor superfamily. This family 
includes TNF-RI, TNF-RII, CD30, CD40, OX-40 and RANK, among others. 

CD30 is a proven marker of malignant cells in Hodgkin's disease (HD) and 
anaplastic large cell lymphoma (ALCL), a subset of non-Hodgkin's (NHL) lymphomas 
(Durkop et al., 1992, Cell 88:421-427). Originally identified on cultured Hodgkin s-Reed 
Steinberg (H-RS) cells using the monoclonal antibody Ki-1 (Schwab et al, 1982, Nature 
299-65-67) CD30 is highly expressed on the cell surface of all HD lymphomas and the 
35 majority of ALCL, yet has very limited expression in normal tissues to small numbers of 
lymphoid cells in the perifollicular areas (Josimovic-Alasevic et al., 1989, Eur. J. 



ffi 



■mmunol 19 157-162). Monoclonal anUbodies speciBo tote CD30 ^nttgen have b«a 
"as^cles fcr the deliver of cytostatic drugs, plan, toxins » 
I precunical mod.,, and clinical studies (Enger, « «,., 1990. Cancer Research 
Barth««l 2000, Blood 85:3909-3914). In patients with HD, targeting ^ 
, XT<td be chieved wid, low doses of die an,i-CD30 mAb, BerH2 (Mm, , a,. 
5 ^ B^h lournal ofHaematology 32:38-45). Yet, despite successfui ,» Wvo Urging 
of die malignant rumor cells, none of the patients experienced tumor regresston k , . 

b^linicalti^.a^^^ 
and all four patients demonstiated rapid and substantial Auctions ,n tumor mass (Faun, « 

antigen Howler, all of the patients treated win. the mAb-toxin conjugate devetoped 

15 neutralises their effects (Tsutsumi « «!., 2000, Prcc. Nat'l Acad. ^' « S ^ 545 
855 3) Additionally, the liver toxicity and vascular leak syndrome assorted wrth 

(Tsmsumi «. u/., 2000, Proc. N»fl Acad. Sci. U.S.A. 22:8545-8553). 

II qiMMIWOn "Wi ANTIBODIES 

20 CD30 was originally identified by the monoclonal antibody KM and 

WW, referred as die Kifantigen (Schwab « ,982, Nature m^T, Trns mAb 
was developed against Hodgltin and Reed-S.en.berg (H-RS) cells, the malignant cell of 
Hodgkin's disease (HD). A second mAb, capable of binding a formalin resistant en*^' 

25 ^tftommatrecognizedbyKi-l was subset described ^<~^ ™ 
Blood 74 1678-1689). Theidentificationof four additional anti^es resulted m the 
^ontlcD3C 'cluster atmeTnirdUucc^Tvping Workshop in ,986 (McMichael, 
A., ed., 1987, Leukocyte Typing m (Oxford: Oxford University Press)). 

22 ""Nnnxw 1- -~™™w-ba SF I< THEBArBVT I CS . 

30 ' The utility of CD30 mAbs in the diagnosis and staging of HD led to to 

evaluation aspotential tools for immunomer^y. hi patients withHD ^f<^f 
Z CD30 antigen w*s achieved with low doses (30-50 mg) of the an«-CD30 mAb BerH2 
1992,British loumalofHaema^logy 12:38-45). Despite successful feting 
35 L vivo of me malignant H-RS tumor cells, none of the patten* experienced tumor 
regressions. 
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Based on these results, it was concluded that efficacy with CD30 mAb 
targeted immunotherapy could not be achieved with unmodified antibodies (Falini et al, 
1992 Lancet 332:1195-1196). In a subsequent clinical trial, treatment of four patients with 
refractory HD with a toxin, saporin, chemically conjugated to the mAb BerH2 demonstrated 

5 rapid and substantial, although transient, reductions in tumor mass (Fahn, et al, 1992, 

Lancet 339" 1 195-1 196). In recent years, investigators have worked to refine the approaches 
for treating CD30-expres S ing neoplastic cells. Examples include the development of 
recombinant single chain immunotoxins (Barth et al, 2000, Blood 95:3909-3914), ant,- 
CD16/CD30 bi-specific mAbs (Renner et al, 2000, Cancer Immunol. Immunother. 49.1 73- 

10 180) and me identification of new anti-CK^ 

molecules from the cell surface (Hom-Lohrens et al, 1995, Int. J- Cancer 60:539-544). 
This focus has dismissed the potential of anti-CD30 mAbs with signaling activity m the 
treatment of Hodgkin's disease. 

-> 1 IDENTIFICATION OF ANTI-CD30 MONOCLONAL 
15 ^ ffgj^m WTT° ACTIVITY 

In cloning and characterizing the biologic activity of the human CD30 ligand 
(CD30L) two mAbs, M44 and M67, were described which mimicked the activity of 

CD30L induced receptor crosslinking (Gruss et al, 1994, Blood 83:2045-2056). In in vitro 
20 assays, these mAbs, in immobilized form, were capable of stimulating the P"^°- ° f 

activated T-cells and the Hodgkin's disease cell lines of T-cell origin, L540 and HDLM-2. 

In contrast, these mAbs had little effect on the Hodgkin's cell lines of B-cell origin, L428 

and KM-H2 (Gruss et al, 1994, Blood 83:2045-2056). In all of these assays, the binding of 

the CD30 receptor by the anti-CD30 mAb Ki-1 had little effect. 
25 The proliferative activity of these agonist anti-CD30 mAbs on Hodgkin s 

cell lines suggested that anti-CD30 mAbs possessing signaling activity would not have any 

utility in the treatment of HD. 

In contrast, the proliferation of cell lines representing CD30-expressmg 

ALCL was strongly inhibited by the presence of immobUized M44 and M67 mAbs. This 
30 inhibitory activity against ALCL cell lines was farther extended to ft, vivo animal studies. 

The survival of SCID mice bearing ALCL tumor xenografts was significantly increased 

followmgtheadimnistr a tionofth e mAbM44. In addition, the anti-CD30 mAb HeFi-1, 

recognizing a similar epitope as that of M44, also prolonged survival in this animal model 

(Tian et al, 1995, Cancer Research 55:5335-5341). 
35 There is a need in the art for therapeutics with increased efficacy to treat or 

prevent Hodgkin's Disease, a need provided by the present invention. Clinical trials and 
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numerous ore^inical evaluation. »™ & M » dmW1S,n,e mli,Um0r , ' 

SUSSo mAbs in modified form against ce.,s represent of Hodghn s disease. 

M44 and M67 (Oruss « «t , 1994, Blood S&2045-2056). wc demonstrate a cte of CD30 
^ bs „Mchi 3to o«o„»..ydi St n 1 c, n o mtose p«d^bed ™^ U - 
CD30 mAbs is cap* of inhibiting the » *» gro^ of ail Hodgfcn a toes 
Furthermore, to unmodified mAbs possess m v,Vo antitumor actmty agama. HD tumor 

xenografts. 

2 3.1 ivinNori,ON M antirody acio 
10 The majority of murine anti-CD30 mAbs known in the art have been 

generated by immunization of mice with HD cell lines or purified CD^antigen. AC1£ 
onginallytLedClO^ 

is 1993 J Immunol. 151:5896-5906). Initially, the signaling activity of this mAb 

molecules, the up regulation of cell surface CD25 expression and the induction of 
homotypic adhesion following binding of CIO to YT cells. 

2 32 MnNon ON/. T * "-TTBOTW HeFt-1 
20 HeFi-1 is an anti-CD30 mAb which was produced by immunizing mice with 

the L428 Hodgkin's disease cell line (Hecht et al, 1985, J. Immunol. 134:4231-4236). Co- 

direct effect of the mAb on the viability of these cell lines. In vitro and „ v»* — o 
25 activity of HeFi-1 was described by Tian et al against the Karpas 299 ALCL cell line (Tian 
et al, 1995, Cancer Research 55:5335-5341). 
24 cnrrrr ^TIVITY OFSTONAI.mGCDSO AIjTJBODIES 
* Monoclona l antibodies representative approach to targeting specific 

30 populations of cells invivo. Native mAbs and their derivatives may « etam ^ 
hyanumbexofmechanisms including, but not Umited to, o^^^^ 
dependent cellular cytotoxicity (ADCC). inhibition of cell cycle progression and induction 
of apoptosis (Tutt et al., 1998, J. Immunol. 161:3176-3185). 

As described above, mAbs to the CD30 antigen such as Ki-1 and Ber-H2 
35 foiled to demonstrate direct antitumor activity (Falini et al, 1992, British Journal of 
Skatology 82:38-45; Gruss 1994, Blood 83:2045-2056). While some signaung 



raAbs to CD30, including M44, M67 and HeFi-1, have be^ shown to ^ J^f 
ALCL lines in vitro (Gross et al, 1994, Blood §2:2045-2056) or p, v,v 0 (Tian etal 1995, 
Cancer Res. 55:5335-5341), known anti-CD30 antibodies have not been shown o be 

5 C D30mAbs,M44andM67,wmchir^ 

5 wrshownloenhancetheproliferationofT-cell-^e^ 

effect on B-cell-like HD lines (Gruss et al, 1994, Blood §3:2045-2056). 

The conjugate of antibody Ki-1 with the Rkin A-cham made for a rather 

ineffective bnmunotoxin and it was concluded that this ineffectiveness was due to the rather 

reasons may also account for the weak toxicity of Ki-l-Ricin A-chain conjugates: a) 
LTbodyxllenhanced^^ 

and L540 as well as from the CD30+ non-Hodgkin's lymphoma cell hne Karpa* ^299 
(Hansen et al, 1991, Immunobiol. 183:214); b) the relatively great distance of me KM 
15 epitope*™ the cell membrane is also not favorable formecor^cuonof po -t 
Lunotoxins (Press et al, 1988, J. Immunol. 141:4410-4417; May et al, 1990, J. 

February 1989, monoclonal antibodies were submitted by three different laboratories and 
20 fi nallychara C te ri zed aS belon g in g totheCD30group. C^**^^ 

inventors of L540 cells with various antibodies according to the state of the art, followed by 
the isolation of sCD30 from culture supernatant fluids, revealed that the release of the 
sC D30was most strongly increased by ^dy Ki-1, and weakly er^anced by tine 
antibody HeFi-1 . whilst being more singly inhibited by the anybody Ber-H2 Howe er, 
25 the antibody Ber-H2 also labels a subpopulation of plasma cells ™> 
Blood 74:1678-1689) and G. Pallesen(G. Pallesen, 1990, Histopathology 16:409-413) 
^b7 S ,onpa g e411,matBer-miscross-rea C tmgwim 

which is altered by formaldehyde. 

CUation or identification of any reference herein shall not be construed as an 
30 admission that such reference is available as prior art to the present invent™. 

3 SUMMARY OF ™- INVENTION 

The present invention is based on the surprising discovery of a novel activity 
associated with a certain class of anti-CD30 antibodies, said class <*°^*™ "* 
35 HeFi-1 , namely their ability to inhibit the growth of both T-cell-like and B-cell-hke 

Hodgkin's Disease (HD) cells. 



The invention provides proteins that compete for binding to CD30 with 
raonoclonal antibody AGIO or HeFi-1, and exert a cytostatic or cytotoxic effect on a 
Hodgkin's Disease cell line. The invention farther provides antibod.es that 
taCspecificalty bind CD30 and exert a cytostatic or cytotoxic effect on a Hodgkm s 
5 Disease cell hne^ ^ ^ ^ ^ or prevention of 

HodgkhVs Disease in a subject comprising administering to the subject in an -ount 
effeTe for said treatment or prevention, an antibody that immunospec,ncally bmds CD30 
and exerts a cytostatic or cytotoxic effect on a HodgkhVs Disease cell hne; and a 
10 pharmaceutic^ acceptable carrier. Ttof^V^^**^" 
Mention of Hod^^ 

Luntofaprotein, which protein competes for binding to CDMwA^ 
antibody AGIO or HeFi-1, and exerts a cytostatic or cytotox.c effect on a Hodgk* s 
Disease cell line, which amount is effective for the treatment or prevention of Hodgkin 
15 Disease. In one embodiment, a protein of the invention is conjugated to a cytotoxic 

molecule. Inanother embodiment, a protein of the invention is a nasion protem comprising 
the amino acid sequence of a second protein such as bryodin or a pro-drug converting 
enzyme The proteins of the invention, including conjugates and fusion protems canbe 
usedTn conjunction with radiation therapy, chemotherapy, hormonal therapy and/or 

Hodgkin'sDisease cell lines, a culture of the Hodgkin's Disease cell '^^^ 
the protein, said culture being of about 5,000 cells in a culture area of about 0.33 cm said 

25 nnal 8 hou re ofsaid72-hourpe^^ 

Disease cell line if the cells of the culture have reduced >H-thymidine ^corporation 
compared to cells of the same Hodgkin' s Disease cell line cultured under the same 

30 determine the cytostatic or cytotoxic effects of the protems of the invention are L428, L450, 

HDLM2 or KM-H2. . 

Wherein the protein of the invention is an antibody, the antibody is a 
naonoclonal antibody, preferably a recombinant antibody, and most preferably is human, 

humanized, or chimeric. m 

The invention further provides isolated nucleic acids encoding a protein that 
competes for binding to CD30 with monoclonal antibody AGIO or HeFi-1, and exerts a 
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cytostatic or cytotoxic effect on a Hodgkin's Disease cell line. The invention further 
provides methods of isolating nucleic acids encoding antibodies that immunospectfcally 
bind CD30 and exert a cytostatic or cytotoxic effect on a Hodgkin's Disease cell line. 

The invention further provides a method of producing a protein comprising 
5 growing a cell containing a recombinant nucleotide sequence encoding a protein, which 
protein competes for binding to CD30 with monoclonal antibody AGIO or HeFi-1 and 
exerts a cytostatic or cytotoxic effect on a Hodgkin's Disease cell line, such that the protem 
is expressed by the cell; and recovering the expressed protein. 

The invention yet further provides a method for identifying an anu-CD30 
10 antibody useful for the treatment or prevention of Hodgkin's Disease, comprising 

determining whether the anti-CD30 antibody exerts a cytostatic or cytotoxic effect on a 
Hodgkin's Disease cell line by contacting a culture of the Hodgkin's Disease cell line with 
the protein, said culture being of about 5,000 cells in a culture area of about 033 cm said 
contacting being foraperiodof72 hours; exposingthe culture to0.5 uCiof H-thymidme 
15 during the final 8 hours of said 72-hour period; and measuring the incorporation of 

'H-thymidine into cells of the culture. The anti-CD30 antibody has a cytostatic or cytotoxic 
effect on the Hodgkin's Disease cell line and is useful for the treatment or prevention of 
Hodgkin's Disease if the cells of the culture have reduced ^H-thymidine incorporate 
compared to cells of the same Hodgkin's Disease cell line cultured under the same 
20 conditions but not contacted with the anti-CD30 antibody. 

4 . WRTF.F DESCRIPTION OF TITF, FIGU RES 

FIG 1 Growm inhibition of Hodgkin's disease cell lines: Hodgkin's 
25 disease cell lines HDLM-2, L540, L428 and KM-H2 were cultured at 5x10* cells/well in the 
presence or absence of 10 ug/ml of immobilized AC 10. Ki-l was used as a control in these 
assays. Proliferation was measured by ^H-thymidine incorporation following 72 hours of 
culture. 

„ fig 2 Growth inhibition of Hodgkin's disease cell lines: Hodgkin's 

disease cell lines HDLM-2, L540, L428 and KM-H2 were cultured at 5xl0> cells/well in the 
presence or absence of 10 ug/ml of immobilized AC10. Ki-l was used as a control in these 
assays. Proliferation was measured by >H-mymidine incorporation following 72 hours of 
culture. 

35 



FIG 3 Growth inhibition of Hodgkin's disease cell lines: Hodgkin's 
disease cell lines HDLM-2, L540, M28 and KM-H2 were cultured at 5xlO*celWwell in the 
presence or absence of 0.1 ug/ml AGIO or HeFi- 1 that had been cross-hnked by the 
addition of 20 ug/ml polyclonal goat anti-mouse IgG antibodies. Proliferate was 
5 measured by 3 H-thymidine incorporation following 72 hours of culture. 

FIG 4 Growth inhibition of Hodgkin's disease cell lines: Hodgkin's 
disease cell lines HDLM-2, L540, L428 and KM-H2 were cultured at 5x1 ' ceUs/well in ^the 
presence or absence of 0.1 ug/ml AC10 or HeFi-1 that had been cross-linked by the add*™ 
10 of 20 ug/ml polyclonal goat anti-mouse IgG antibodies. Proliferation was measured by Tl- 
thymidine incorporation following 72 hours of culture. 

FIG 5 Antitumor activity ofACIO (circles) and HeFi-1 (squares) in 
disseminated (A) and subcutaneous (B) L540cy Hodgkin's disease xenografts. A) Mace 
15 wereimplantedwithlxlO'ce^ 

injections of antibody at 1 mg/kg/injection using an administrate schedule of q2dxl0. 
B) Mice were implanted spontaneously with 2 x 10 7 L540cy cells. When tumors were 
palpable mice were treated with intraperitoneal injections of AC10 or HeFi-1 at 2 
mg/kg/injection q2dxl0. In both experiments untreated mice (X) received no therapy. 

20 pic 6 Antitumor activity of chimeric AC10 (cACIO) in subcutaneous 

L5 40cy Hodgkin's disease xenografts. SCID mice were implanted subcutaneous* with 
L540cy cells and when the tumors reached an average size of >150 mm 3 mice were e lt her 
left untreated (X) or treated with cACIO (□) at 2 mg/kg twice per week for 5 injections. 

25 s iyitt ah ,y.T> BES^mPTTON OF THF, INVENTION 

The present invention relates to proteins that bind to CD30 and exert a 
cytostatic or cytotoxic effect on HD cell, The invention further relates to proteins that 
compete with AClo'or HeFi-1 for binding to CD30 and exert a cytostatic or cvtotoxic ^effect 

30 on HD cells. In one embodiment, the protein is an antibody. In a preferred mode of the 
embodiment, the antibody is AC10 or HeFi-1, most preferably a humanized or chimenc 

AC10 or HeFi-1. 

The invention further relates to proteins encoded by and nucleotide 
sequences ofACIO and HeFi-l genes. The invention further relates to fragments and oUier 
35 derivatives and analogs of such AC10 and HeFi-1 proteins. Nucleic acids encodmg such 



f™«,™n» oroteim e p.. by recombinant methods, B provided. 

foregcnng proteuu, jrj^ ^ ^ ^ Q ^ ^ ^ md denvatlV es 

including fusion/chimeric proteins which are — lly active. I* which^e capable of 
< displayingbindingtoCDSOandexertingacytosUticorcytotoxxceffectonro 

or humanized antibodies, and such antibodies conjugated to cytotoxic agents such 

chemotherapeutic drugs. m ^ 
The invention further relates to methods of treating or preventing HD 
, o comprising administering a composition comprising a protein or nucleic ac.d of the 
10 ZLaloneorincombinationwithacytotoxic agent, including but not hmrted to a 

description of the invention is divided into the subsections which follow. 

15 51 PBOTFTNS OF '™ INVENTION 

The present invention encompasses proteins, including but not limited to 
^bodies,*^ 

invennonfurmerrelatestoproteinsthatcompetewrthAClOorHeF! 
?o and exert a cytostatic or cytotoxic effect on HD cells. 

20 The present invention further encon^asses protems compnsmg, or 

■ I of a PDR of HeFi-1 (SEQ ID NO:20, SEQ ID NO:22; SEQ ID 
alternatively consisting of, a CDR ot tlei-i 

NO-24; SEQ ID NO:28, SEQ ID NO:30 or SEQ ID NO:32) or ACIO^ (SEQ E> NO.4, SEQ 
roN06;SEQIDNO:8;SEQIDNO:12;SEQlDNO:14;o rS EQIDNO:16) 

The present invention further encompasses proteins " 

l r«?EOIDNO:18orSEQIDNO:26) 
alternatively consisting of, a variable region of HeFi-1 (SEQ ID NU 
or AGIO (SEQ ID NO:2 or SEQ ID NO:10). A table indicatmg the region of AGIO 
HeFi-1 to which each SEQ ID NO corresponds to is provided below: 
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Table 1 
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MOLECULE 



AC10 Heavy Chain Variable Region 



NUCLEOTIDE OR AMINO ACID 



Nucleotide 




SEQ ID NO 
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The present invention further comprises functional derivatives or analogs of 
and HeFi-1 . As used herein, the term "functional" in the context of a peptide or 
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protein of the invention indicates that the peptide or protein is 1) capable of binding to 
CD30 and 2) exerts a cytostatic and/or cytotoxic effect on HD cells. 

Generally, antibodies of the invention immunospecifically bind CD30 and 
exert cytostatic and cytotoxic effects on malignant cells in HD. Antibodies of the invents 
5 are preferably monoclonal, and may be multispecific, human, humanized or chimeric 

antibodies, single chain antibodies, Fab fragments, F(ab') fragments, fragments produced by 
aFab expression library, and CD30 binding fragments of any of the above. The term 
"antibody " as used herein, refers to immunoglobulin molecules and immunologically 
active portions of immunoglobulin molecules, i,., molecules that contain an antigen 
10 bindingsitematimmunospecificallybindsCDSO. The immunoglobulin moleculeso the 
invention can be of any type (e.g., IgG, IgE, IgM, IgD, IgA and IgY), class (eg., IgGl, 
IeG2 IgG3, IgG4, IgAl and IgA2) or subclass of immunoglobulin molecule. 

In certain embodiments of the invention, the antibodies are human antigen- 
binding antibody fragments of thepresent invention and include, but are ^ limited I tc Fab, 
15 Fab' and F(ab') I , Fd, single-chain Fvs (scFv), single-chain antibodies, disulfide-Unked Fvs 
(sdFv) and fragments comprising either a V L or V H domain. Antigen-binding antibody 
fragments, including single-chain antibodies, may comprise the variable region^) alone or 
in combination with the entirety or a portion of the following: hinge region, CHI, CH2 
CH3 and CL domains. Also included in the invention are antigen-binding fragments also 
20 comprising any combination of variable region(s) with a hinge region, CHI ,OD,CB and 
CL domains. Preferably, the antibodies are human, murine («,g., mouse and rat), donkey, 
sheep, rabbit, goat, guinea pig, camelid, horse, or chicken. As used herein, "human 
antibodies include antibodies having the amino acid sequence of a human immunoglobulin 
and include antibodies isolated from human immunoglobulin libraries, from human B cells, 
25 or from animals transgenic for one or more human immunoglobulin, as described infra and, 
for example in U.S. Patent No. 5,939,598 by Kucherlapati et al. 

The antibodies of the present invention may be monospecific, bispec.nc, 
trispecific or of greater multispecificity. Multispecific antibodies may be specific for 
different epitopes of CD30 or may be specific for both CD30 as well as for 
30 protein. L,,g.,PCT publications WO 93/17715; WO 92/08802; WO «;WO 
92/05793; Tutt, et al, 1991, J. Immunol. 147:60-69; U.S. Patent Nos WWW, 
4,714,681; 4,925,648; 5,573,920; 5,601,819; Kostelny et al, 1992, J. Immunol. 148.1547- 
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Antibodies of the present invention may be described or specified in terms of 
35 the particular CDRs they comprise. In certain embodiments antibodies of the invention 
comprise one or more CDRs of AC10 and/or HeFi-1. The invention encompasses an 



antibody or derivative thereof comprising a heavy or light chain variable domam, sa,d 
variable domain comprising (a) a set of three CDRs, in which said set of CDRs are from 
monoclonal antibody AC 10 or HeFi-1, and (b) a set of four framework reg.ons, in which 
said set of framework regions differs from the set of framework regions m monoclonal 
5 antibody AGIO or HeFi-1 , respectively, and in which said antibody or derivative thereof 
immunospecifically binds CD30. 

In a specific embodiment, the invention encompasses an antibody or 
derivative thereof comprising a heavy chain variable domain, said variable , domain 
comprising (a) a set of three CDRs, in which said set of CDRs comprises SEQ ID NO:4 6 
10 or 8 and (b) a set of four framework regions, in which said set of framework regions differs 
from the set of framework regions in monoclonal antibody AC10, and in which said 
antibody or derivative thereof immunospecifically binds CD30. 

In a specific embodiment, the invention encompasses an antibody or 
derivative thereof comprising a heavy chain variable domain, said ^ 
15 comprising (a) a set of three CDRs, in which said set of CDRs comprises SEQ E> NO.20, 
22or24and(b)asetoffourfr am ework^ 

differs from the set of framework regions in monoclonal antibody HeFi-1, and in which said 
antibody or derivative thereof immunospecifically binds CD30. 

In a specific embodiment, the invention encompasses an antibody or 
20 derivative thereof comprising a light chain variable domain, said variable ^ 

comprising (a) a set of three CDRs, in which said set of CDRs compnses SEQ K> NO.12, 
14 or 16, and (b) a set of four framework regions, in which said set of framework regions 
differs from the set of framework regions in monoclonal antibody AC10, and in which said 
antibody or derivative thereof immunospecifically binds CD30. 
25 In a specific embodiment, the invention encompasses an antibody or 

derivative thereof comprising a light chain variable domain, said variable domain 
comprising (a) a set of three CDRs, in which said set of CDRs compnses SEQ ID NO.28, 
30 or 32, and (b) a set of four framework regions, in which said set of framework regions 
differs from the set of framework regions in monoclonal antibody HeFi-1 , and m which said 
30 antibody or derivative thereof immunospecifically binds CD30. 

Additionally, antibodies of the present invention may also be described or 
specified in terms of their primary structures. Antibodies having at least 50% at least 5 5* 
at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at leas 
90% at least 95% and most preferably at least 98% identity (as calculated using methods 
35 know.mmearianddescribedhe^^ 

included in the present invention. Antibodies of the present invention may also be 
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described orspecifiedin terms oftheir binding affinity to CD3a 

affinities include those with a dissociation constant or Kd less than 5 X 10 M 10 M, 5 X 
S M, 10* M, 5 X 10* M, 10- M, 5X10* M, 10* M, 5 X 10* M. 10* M. 5 X 10 
M 5 X 10* M, 10* M, 5 X 10' M, 10* M, 5 X 10r- M, 10» M, 5 X 10 M 10" M. 5 X 
5 la" M, 10- M, 5 X -M, 10 " M, 5 X 10* M, 10" M, 5 X 10r« M, or 10" M 

The antibodies of the invention include derivatives that are modified, i.e. by 
the covalent attachment of any type of molecule to the antibody such that covalent 
attachment does not prevent the antibody from binding to CD30 or from exertmg a 
cytostatic or cytotoxic effect on HD cells. For example, but not by way of um.tat.on, the 
l0 antibody derivatives include antibodies that have been modified. by glycosylate 
acetylation, pegylation, phosphylation, amidation, derivation by known 
protectmg/blocking groups, proteolytic cleavage, linkage to a cellular ligand or other 
protein, etc. Any of numerous chemical modifications may be carried out by known 
techniques, including, but not limited to specific chemical cleavage, acetylation, 
15 formylation, metabolic synthesis of tunicamycin, e/c. Additionally, the derivative may 
contain one or more non-classical amino acids. 

The antibodies of the present invention may be generated by any suitable 
method known in the art Polyclonal antibodies to CD30 can be produced by vanous 
procedures well known in the art. For example, CD30 can be administered to vanous host 
20 animals including, but not limited to, rabbits, mice, rats, etc. to induce the product.cn of 
sera containing polyclonal antibodies specific for the protein. Various adjuvants may be 
used to increase the immunological response, depending on the host spec.es, and include 
but are not limited to, Freund's (complete and incomplete), mineral gels such as alummum 
hydroxide, surface active substances such as lysolecithin, pluronic polyols, polygons, 
25 peptides, oil emulsions, keyhole limpet hemocyanins, dinitrophenol, and potentially useful 
human adjuvants such as BCG (bacille Calmette-Guerin) and corynebactenum parvum. 
Such adjuvants are also well known in the art. 

Monoclonal antibodies can be prepared using a wide variety of techniques 
known in the art including the use of hybridoma, recombinant, and phage display 
30 technologies, or acombination thereof. For example, monoclonal antibodies can be 
produced using hybridoma techniques including those known in the art and taught, for 
example, in Harlow et al. , Antibodies: A Laboratory Manual, (Cold Spring Harbor 
Laboratory Press, 2nd ed., 1988); Hammerling, et al., in: Monoclonal Antibodies and T- 
Cell Hybridomas 563-681 (Elsevier, N.Y., 1981) (said references incorporated by reference 
35 in their entireties). The term "monoclonal antibody" as used herein is not lirmted to 
antibodies produced through hybridoma technology. The term "monoclonal antibody* 
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i mice can be immunized with CD30 or a cell express s fnr rmOare 

.ic^Piw-terf ee antibodies specific for CD3U are 
thereof Once an immune response is detected, e.g., aimu y , ~ 

tnereoi. uncc harvested and splenocytes isolated. The 

Hptected in the mouse serum, the mouse spleen is uoiv 

fi^o-al andtody domain arc displayed on to surface of phage ^ 

• , taxt a likrariM (e v human or murine cDN A uoranes 
amplified firom animal cDNA libraries (e.g., numan j ^ther with an scFv 

3S tissues, r*™^™^^-'^^^^ 

linker by PCR and cloned into a phagemid vector (e.g. , p CANTAB P 
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Thevectoriselectxoporatedin^. coli and the E. coli is infected with helper phage. Phage 
used in these methods are typically filamentous phage including fd and MB bmdmg 
domains expressed from phage with Fab, Fv or disulfide stabilized Fv antibody domains 
recombinant* fused to either the phage gene III or gene VIII protein. Phage express an 
5 antigen binding domain that binds to CD30 or an AGIO or HeFi- binding porUon thereof 
can be selected or identified with antigen e.g., using labeled antigen or anUgen bound or 
captured to a solid surface or bead. Examples of phage display methods that can be used to 
make the antibodies of the present invention include those disclosed in Brinkman eta I 
1995 J fimnunol-Mrthodt 1^41-5* 
10 186; Kettleborough et al, 1994, Eur. J. Immunol. 24:952-958; Persic et al, 1997, Gene 
187:9-18;Burton«r fl /., 1994, Advances in Immunology, 191 - 28 * PCT *^ 
icT/GB91/01 134; PCT Publications WO 90/02809; WO 91/1 0737; WO 92/01047; WO 
92/18619" WO 93/1 1236; WO 95/15982; WO 95/20401; and U.S. Patent Nos. 5,698,426; 
5^23 409; 5,403,484; 5,580,717; 5,427,908; 5,750,753; 5,821,047; 5,571,698; 5,427,908; 
15 s',516,637; 5,780,225; 5,658,727; 5,733,743 and 5,969,108; each of which ,s mcorporated 
herein by reference in its entirety. 

As described in the above references, after phage selection, the antibody 
coding regions from the phage can be isolated and used to generate whole anUbodies, 
including human antibodies, or any other desired antigen binding fragment, and expressed 
20 in any desired host, including mammalian cells, insect cells, plant cells, yeast, and bacteria, 
eg. as described in detail below. For example, techniques to recombinant* produce Fab, 
Fab' and F(ab') 2 fragments can also be employed using methods known in the art s^ch as 
those disclosed in PCT publication WO 92/22324; Mullinax et al, BioTechmques 1992, 
12(6) 864-869; and Sawai et al, 1995, AJKT 34:26-34; and Better et al, 1988, Scxence 
2401041-1043(saidreferencesmcorporatedbyreferenceintheirentireties). 

~~' Examp lesofteclnn q uesw 

antibodies include those described in U.S. Patents 4,946,778 and 5,258,498; Huston etal, 
1991 Methods in Enzymology 203:46-88 ; Shu et al, 1993, PNAS 90:7995-7999; and 
Skerra et al, 1988, Science 242:1038-1040 . For some uses, including in Wvo use of 

30 antibodies in humans and in vitro proliferation or cytotoxicity assays, it ,s preferable to use 
chimeric, humanized, or human antibodies. A chimeric antibody is a molecule in which 
different portions of the antibody are derived from different animal species, such as 
antibodies having a variable region derived from a murine monoclonal antibody and a 
human immunoglobulin constant region. Methods for producing chimeric anUbodtes are 

35 knownintheart. See e.g., Morrison, Science, 1985,222:1202 ;Oi etal,X 986 
BioTechmaues4:214;G^ 
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Nos 5 807 715; 4,816,567; and 4,816,397, which are incorporated herein by reference in 
their entirety. Humanized antibodies are antibody molecules from non-human specks 
antibody that binds the desired antigen having one or more CDRs from the non-human 
species and framework and constant regions from a human immunoglobulin molecule, 
j Often framework residues in the human framework regions will be substituted with the 
corresponding residue from the CDR donor antibody to alter, preferably improve, antigen 
binding These framework substitutions are identified by methods well known in the art, 
e g by modeling of the interactions of the CDR and framework residues to identify 
framework residues important for antigen binding and sequence comparison to identify 
10 unusual framework residues at particular positions. {See, e.g., Queen et al, U.S. Patent No. 
5 585 089; Riechmann et al, , 1988, Nature 332:323 , which are incorporated herein by 
reference in their entireties.) Antibodies can be humanized using a variety of techniques 
known in the art including, for example, CDR-grafting (EP 239,400; PCT publicationWO 9 
1/09967; U.S. Patent Nos. 5,225,539; 5,530,101; and 5,585,089), veneering or resurfacmg 
15 (EP 592 106; EP 519,596; Padlan, Molecular Immunology, 1991, 21(4/5):489-498; 
Studnicka et al, 1994, Protein Engineering 2(6):805-814; Roguska. et al, 1994, PNAS 
91-969-973), and chain shuffling (U.S. Patent No. 5,565,332). 

Completely human antibodies are particularly desirable for therapeutic 
treatment of human patients. Human antibodies can be made by a variety of methods 
20 known in the art including phage display methods described above using antibody hbranes 
derived from human immunoglobulin sequences. See also, U.S. Patent Nos. 4,444,887 and 
4 716 1 1 1 • and PCT publications WO 98/46645, WO 98/50433, WO 98/24893, WO 
98/16654, WO 96/34096, WO 96/33735, and WO 91/10741; each of which is incorporated 

herein by reference in its entirety. 
25 Human antibodies can also be produced using transgenic mice which express 

human immunoglobulin genes. For example, the human heavy and light chain 
immunoglobulin gene complexes may be introduced randomly or by homologous 
recombination into mouse embryonic stem cells. The mouse heavy and light chain 
immunoglobulin genes may be rendered non-functional separately or simultaneously with 
30 the introduction of human immunoglobulin loci by homologous recombination. In 

particular, homozygous deletion of the JH region prevents endogenous antibody production. 
The modified embryonic stem cells are expanded and microinjected into blastocysts to 
produce chimeric mice. The chimeric mice are then bred to produce homozygous offspring 
which express human antibodies. The transgenic mice are immunized in the normal fashion 
35 withaselectedantigen, e .g.,alloraportionofCD30. Monoclonal antibodies directed 
against the antigen can be obtained from the immunized, transgenic mice using 
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conventional hybridoma technology. The human immunoglobulin transgenes harbored by 
the transgenic mice rearrange during B cell differentiation, and subsequently undergo class 
switching and somatic mutation. Thus, using such a technique, it is possible to produce 
therapeutically useful IgG, IgA, IgM and IgE antibodies. For an overview of tins 

5 technology for producing human antibodies, see, Lonberg and Huszar, 1995, Int Rev. 
Immunol 13:65-93. For a detailed discussion of this technology for producing human 
antibodies and human monoclonal antibodies and protocols for producing <^"**«^ 
see eg. PCT publications WO 98/24893; WO 92/01047; WO 96/34096; WO 96/33735; 
EuropeanPatentNo. 0598 877; U.S. PatentNos. 5,413,923; 5,625,126; 5,633^25; 

10 5,569,825; 5,661,016; 5,545,806; 5,814,318; 5,885,793; 5,916,771; and 5,939,598, which 
are incorporated by reference herein in their entirety. In addition, companies such as 
Abgenix, Inc. (Freemont, CA) and Genphann (San Jose, CA) can be engaged to provide 
human antibodies directed against a selected antigen using technology similar to that 
described above. 

5 Completely human antibodies which recognize a selected epitope can be 

generated using a technique referred to as "guided selection." In this approach a selected 
non-humanmonoclonal antibody, ,g., a mouse antibody, is used to guide the selection of a 
completely human antibody recognizing the same epitope. (Jespers et «/., 1994, 

Bio/technology 12:899-903). - A - n ^ 
20 Further, antibodies to CD30 can, in turn, be utilized to generate anti-idiotype 

antibodies that "mimic" proteins of the invention using techniques well known to those 
skilled in the art. (See, e.g., Greenspan & Bona, 1989, FASEB J. 7(5):437-444; and 
Nissinoff 1991, J. Immunol. 147(8):2429-2438). Fab fragments of such anti-idiotypes can 
be used in therapeutic regimens to elicit an individual's own immune response against 

25 CD30 and HD cells. 

As alluded to above, proteins that are therapeutically or prophylactically 
useful against HD need not be antibodies. Accordingly, proteins of the invention may 
comprise one or more CDRs from an antibody that binds to CD30 and exerts a cytotoxic 
and/or cytostatic effect onHD cells. Preferably, aprotein of the invention is a mummer, 

^0 most preferably a dimer. ..... 

The invention also provides proteins, including but not limited to antibodies, 
that competitively inhibit binding of AC10 or HeFi-1 to CD30 as determined by any 
method known in the art for detennining competitive binding, for example, the 
immunoassays described herein. In preferred embodiments, the protein competitively 

35 inhibits binding of AC10 or HeFi-1 to CD30 by at least 50%, more preferably at least 60 /o, 
yet more preferably at least 70%, and most preferably at least 75-/0. In other embodiments, 
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theprotein competitively inhibits binding of AC10 orHeFi-1 to CD30 by at least 80%, at 

least 85%, at least 90%, or at least 95%. 

As discussed in more detail below, the proteins of the present mvention may 
be used either alone or in combination with other compositions in the prevention or 
5 treatment of HD. The proteins may further be recombinant* fused to a heterologous 
protein at the N- or C-terminus or chemically conjugated (including covalently and non- 
covalently conjugations) to cytotoxic agents, proteins or other composition, For example, 
antibodies of the present invention may be recombinant* fused or conjugated to molecules 
useful as chemotherapeutics or toxins, or comprise a radionuclide for use as a radio- 
10 therapeutic. See, e.g., PCT publications WO 92/08495; WO 91/14438; WO 89/12624; U.S. 
Patent No. 5,314,995; and EP 396,387. , « - < u 

Proteins of the invention may be produced recombinantly by fusing the 
coding region of one or more of the CDRs of an antibody of the invention in frame with a 
sequence coding for a heterologous protein. The heterologous protein may provide one or 
15 more of the following characteristics: added therapeutic benefits; promote stable expression 
of the protein of the invention; provide a means of facilitating high yield recombinant 
expressionofmeproteinofmeinventionjorprovideamultimerizationdomam. 

In addition to proteins comprising one or more CDRs of an antibody of the 
invention, proteins of the invention may be identified using any method suitable for 
20 screeningforprotein-proteininteractions. Initially, proteins are identified that bind to 
CD30 then their ability to exert a cytostatic or cytotoxic effect on HD cells can be 
determined. Among the traditional methods which can be employed are "interaction 
cloning" techniques which entail probing expression libraries with labeled CD30 in a 
n.armersinnlartometecranqueofantibodyprobingof Agtll libraries,.^. By wayof 
25 example and not hmitation, this can be achieved as follows: a cDNA clone encoding CD30 
(or an AC10 or HeFi-1 binding domain thereof) is modified at the terminus by inserting the 
phosphorylation site for the heart muscle kinase (HMK) (Blanar & Rutter 1992, Science 
2561014-1018). The recombinant protein is expressed i*E. coli and purified on a 
^P- a ff^tycolumntohomogeneity(Ederye.a/., 1988, Gene 74:517-525) andlabeled 
in using Y^P-ATP and bovine heart muscle kinase (Sigma) to a specific activity of 1x10 

(Blanar & Rutter, 1992, Science 256:1014-1018). Plaques which interact with *e CD30 
probe are isolated. The cDNA inserts of positive X plaques are released and subcloned into 
avector suitable for sequencing, such as pBluescript KS (Stratagene). 

One method which detects protein interactions in vivo, the two-hybrid 
system is described in detail for illustration purposes only and not by way of limitation. 
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USA 88 9578-9582) and is corrmiercially available from Clontech (Palo Alto, CA). 

' ' Briefly, utilizing such a system, plasmids are constructed that encode two 
hybrid proteins: one consists of the DNA-binding domain of a transcription activator 
5 protein fused to CD30, and the other consists of the activator protein's activation domam 
Led to an unknown protein that is encoded by a cDNA which has been recombmed u«o 
this plasmid as part of acDNA library. The plasmids are transformed into a stram of the 
yeast Saccharomyces cerevisiae that contains a reporter gene (e.g., lacZ) whose regulatory 
region contains the transcription activator's binding sites. Either hybrid protem alone 
10 cannot activate transcription of the reporter genei the DNA-binding domam hybnd cannot 
because it does not provide activation function, and the activation domam hybnd cannot 
because it cannot localize to the activator's binding sites. Interaction of the two hybnd 
proteins reconstitutes the functional activator protein and results in expresston of the 
reporter gene, which is detected by an assay for the reporter gene product. 
, < The two-hybrid system or related methodology can be used to screen 

activation domain libraries for proteins that interact with CD30, which in this context „ a 
"bait" gene product. Total genomic or cDNA sequences are fused to the DNA encodrng an 
activation domain. This library and a plasmid encoding a hybrid of a CD30 codmg regxon 
(for example, a nucleotide sequence which codes for a domain of CD30 known to mteract 
20 with HeFi-l or AC10) fused to the DNA-binding domam are co-transformed mto a yeast 
reporter strain, and the resulting transformants are screened for those that express the 
reporter gene. For example, and not by way of timitation, the CD30 codmg ^ncanbe 
cloned into a vector such that it is translationally fused to the DNA encodmg the DNA- 
binding domain of the GAL4 protein. These colonies are purified and the hbrary p asnnds 
25 responsible for reporter gene expression are isolated. DNA sequencing is then used to 

identify the proteins encoded by the library plasmids. 

Once a CD30-binding protein is identified, its ability (alone or when 
multimerized or fused to a dimerization or multimerization domain) to elicit a cytostatic or 
cytotoxic effect onHD cells is detern^ed by contactmg a cmture of an HD cell hne, such 

30 as L428, L450, HDLM2 or KM-H2, wath the protem. Culture conditions are most 

preferably about 5,000 cells in a culture area of about 0.33 cm>, and the contact.ng penod 
being approximately 72 hours. The culture is then exposed to 0.5 uQ of ^H-thynuchne 
duringlfinalShoursofthe 72-hour period and the incorporation of ^dme mto 
cells of the culture is measured. The protein has a cytostatic or cytotoxic effect on the HD 

35 cell line if the cells of the culture have reduced ^-thymidine incorporation compared to 
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cells of the same cell line cultured under the same conditions but not contacted with the 

Pr0teiD " Without limitation as to mechanism of action, a protein of the invention 
preferably has more than one CD30-binding site and therefore a capacity to cross link CD30 

HeFi-1 can acquire the ability to induce cytostatic or cytotoxic effects on HD cells if 
dimerized or multimerized. Wherein the CD30-binding protein is a monomenc protem, * 
can be expressed in tandem, thereby resulting in a protein with multiple CD30 bindmg sites. 
The CD30-binding sites can be separated by a flexible linker region. In another 
! o embodiment, the CD30-binding proteins can be chemically cross-linked, for example usmg 
gluterddehyde.priortoadnnnistration. In a preferred embodiment, the CD30-binding 
region is fused with a heterologous protein, wherein the heterologous protein comprises a 
dimerizationandmultimerization domain. Prior to administration of the protem of the 
invention to a subject for the purpose of treating or preventing HD, such a protem 1S 
15 subjectedtoconditionsmataUowsfonnationofahomodimerorheterodmier. A 

heterodimer, as used herein, may comprise identical dimerization domams but different 
CD30-binding regions, identical CD30-binding regions but different dimerization domams, 
or different CD30-binding regions and dimerization domains. 

Particularly preferred dimerization domains are those that originate from 

?0 transcription factors. . . i :„ 

In one embodiment, the dimerization domain is that of a basic region leucme 
zipper CbZIP"). bZIP proteins characteristically possess two domains-a leucme ^zipper 
structural domain and a basic domain that is rich in basic amino acids, separated by a fork 
domain (C. Vinson et al, 1989, Science, 246:911-916). Two bZIP proteins dimeru* by 
25 forming a coiled coil region in which the leucine zipper domains dimerize. Accordingly, 
these coUed coil regions may be used as fusion partners for the proteins and the invention. 

Particularly useful leucine zipper domain are those of the yeast transcnpbon 
factor GCN4, the mammalian transcription factor CCAAT/enhancer-binding protem 
C/EBP and the nuclear transform in oncogene products, Fos and Jun (see Landschultz et 
30 al, 1988, Science 240:1759-1764; Baxevanis and Vinson, 1993, Curr. Op. Gen. Devel., 
3-278-285; and O'Shea et al, 1989, Science, 243:538-542). 

In another embodiment, the dimerization domain is that of a basic-region 
helix-loop-helix C'bHLH'') protein (Murre 1989, Cell, 56:777-783). bHLH proteins 
are also Imposed of discrete domains, the structureof which allows them to recognize and 
35 interact wim specific sequences of DNA.^^^ . 
dimerization through its amphipathic helices in a fashion analogous to that of the leucine 
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zipper region of the bZIP proteins (Davis et al, 1990 Cell, 6Q-.733-746; Voronova and 
Baltimore, 1990 Proc. Natl. Acad. Sci. USA, J2:4722-4726). Particularly useful hHLH 

proteins are myc, max, and mac. 

Heterodimers are known to form between Fos and Jun (Bohmann et al , 

5 1987 Science, 238:1386-1392), among members of the ATF/CREB family (Hai et a/.,1989, 
Genes Dev 3:2083-2090), among members of the C/EBP family (Cao et al, 1991, Genes 
Dev 5 1538-1552; Williams et al, 1991, Genes Dev., 1:1553-1567; and Roman et al, 
199o' Genes Dev., 4:1404-1415), and between members of the ATF/CREB and Fos/Jun 
famines Hai and Curran, 1991, Proc. Natl. Acad. Sci. USA, 88,3720-3724). Therefore, 

10 when a protein of the invention is administered to a subject as a heterodimer compnsmg 
different dimerization domains, any combination of the foregoing may be used. 

5.2 TRTTMTITNO ASSAYS 

As described above, the proteins, including antibodies, of the invention bind 
15 to CD30 and exert a cytostatic or cytotoxic effect on HDcells. Methods of demonstrating 
the ability of a protein of the invention to bind to CD30 are described herein. 

The antibodies of the invention may be assayed for immunospecific binding 
to CD30 by any method known in the art. The immunoassays which can be used include 
but are not limited to competitive and non-competitive assay systems using techmques such 
20 as Western blots, radioimmunoassays, ELISA (enzyme linked immunosorbent assay), 

"sandwich" immunoassays, immunoprecipitation assays, precipitin reactions, gel diffusion 
precipitin reactions, immunodiffusion assays, agglutination assays, complement-fixaUon 
assays, immunoradiometric assays, fluorescent immunoassays, protein A immunoassays, to 
name but a few. Such assays are routine and well known in the art (see, e.g., Ausubel et. 
25 al eds., 1994, Current Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., 
New York, which is incorporated by reference herein in its entirety). Exemplary 
immunoassays are described briefly below (but are not intended by way of limitation). 

Immunoprecipitation protocols generally comprise lysing a population of 
cells in a lysis buffer such as RIPA buffer (1% NP-40 or Triton X-100, 1% sodium 
30 deoxycholate, 0.1% SDS, 0.15 M NaCl, 0.01 M sodium phosphate at P H 7.2, 1% Trasylol) 
supplemented with protein phosphatase and/or protease inhibitors (e.g, EDTA, PMSF, 
aprotinin, sodium vanadate), adding the antibody to the cell lysate, incubating for a period 
of time (e g, 1-4 hours) at 40° C, adding protein A and/or protein G sepharose beads to the 
cell lysate, incubating for about an hour or more at 40° C, washing the beads in lysis buffer 
35 and resuspending the beads in SDS/sampte buffer. The ability of the antibody to 

immunoprecipitate CD30 can be assessed by, e.g., Western blot analysis. One of skill in the 



-21 - 



art would be knowledgeable as to the parameters that can be modified to increase the 
binding of the antibody to CD30 and decrease the background (e.g., pre-cleanng the cell 
lysate with sepharose beads). For further discussion regarding immunoprecipitation 
protocols see, e.g., Ausubel et al. eds., 1994, Current Protocols in Molecular Biology, Vol. 
5 1, John Wiley & Sons, Inc., New York at 10.16.1. 

Western blot analysis generally comprises preparing protein samples, 
electrophoresis of the protein samples in a polyacrylamide gel (e.g., 8%- 20% SDS-PAGE 
depending on the molecular weight of the antigen), transferring the protein sample from the 
polyacrylamide gel to a membrane such as nitrocellulose, PVDF or nylon, incubating the 
10 membrane in blocking solution (e.g., PBS with 3% BSA or non-fat milk), washing the 
membrane in washing buffer (e.g., PBS-Tween 20), blocking the membrane with pnmary 
antibody (i.e., the putative anti-CD30 antibody) diluted in blocking buffer, washing the 
membrane in washing buffer, incubating the membrane with a secondary antibody (which 
recognizes the primary antibody, e.g., an anti-human antibody) conjugated to an enzyme 
1 5 substrate (e.g., horseradish peroxidase or alkaline phosphatase) or radioactive molecule 
(e g. , 32 P or ,25 I) diluted in blocking buffer, washing the membrane in wash buffer, and 
detecting the presence of the secondary antibody. One of skill in the art would be 
knowledgeable as to the parameters that can be modified to increase the signal detected and 
to reduce the background noise. For further discussion regarding Western blot protocols 
20 see, e.g., Ausubel et al, eds., 1994, Current Protocols in Molecular Biology, Vol. 1, John 
Wiley & Sons, Inc., New York at 10.8.1. 

ELISAs comprise preparing antigen (i.e., CD30), coating the well of a 96 
well microliter plate with the CD30, adding the antibody conjugated to a detectable 
compound such as an enzyme (e.g. , horseradish peroxidase or alkaline phosphatase) to the 
25 well and incubating for a period oftime, and detecting the presence of the antibody. In 
ELISAs the antibody does not have to be conjugated to a detectable compound; mstead, a 
second antibody (which recognizes the antibody of interest) conjugated to a detectable 
compound may be added to the well. Further, instead of coating the well with the antigen, 
the antibody may be coated to the well. In this case, a second antibody conjugated to a 
30 detectable compound may be added following the addition of CD30 protein to the coated 
well One of skill in the art would be knowledgeable as to the parameters that can be 
modified to increase the signal detected as well as other variations of ELISAs known in the 
art. For further discussion regarding ELISAssee, e.g., Ausubel et al, eds., 1994, Current 
Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New York at 11.2.1. 
35 The binding affinity of an antibody to CD30 and the off-rate of an antibody 

CD30 interaction can be determined by competitive binding assays. One example of a 
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competitive binding assay is a radioimmunoassay comprising the incubation of labeled 
CD30 (e.g., 3 H or 123 I) with the antibody of interest in the presence of increasing amounts of 
unlabeled CD30, and the detection of the antibody bound to the labeled CD30. The affinity 
of the antibody for CD30 and the binding off-rates can then be determined from the data by 

5 Scatchard plot analysis. Competition with a second antibody (such as AC10 or HeFi-1) can 
also be determined using radioimmunoassays. In this case, CD30 is incubated with the 
antibody of interest conjugated to a labeled compound (e.g., 3 H or l25 I) in the presence of 
increasing amounts of an unlabeled second antibody. 

Proteins of the invention may also be assayed for their ability to bind to 

1 o CD30 by a standard assay known in the art. Such assays include far Westerns and the yeast 
two hybrid system. These assays are described in Section 5.2, supra. Another variation on 
the far Western technique described above entails measuring the ability of a labeled 
candidate protein to bind to CD30 in a Western blot In one non-limiting example of a far 
Western blot, CD30 or the fragment thereof of interest is expressed as a fusion protein 

1 5 further comprising glutathione-S-transferase (GST) and a protein serine/threonine kinase 
recognition site (such as a cAMP-dependent kinase recognition site). The fusion protein is 
purified on glutathione-Sepharose beads (Pharmacia Biotech) and labeled with bovine heart 
kinase (Sigma) and 100 \id of 32 P-ATP (Amersham). The test protein(s) of interest are 
separated by SDS-PAGE and blotted to a nitrocellulose membrane, then incubated with the 

20 labeled CD30. Thereafter, the membrane is washed and the radioactivity quantitated. 
Conversely, the protein of interest can be labeled by the same method and used to probe a 
nitrocellulose membrane onto which CD30 has been blotted. 

5.3 ASSAYS FOR CYTOTOXIC AND CYTOSTATIC ACTIVITIES 
25 By definition, a protein of the invention must exert a cytostatic or cytotoxic 

effect on a cell of HD. Suitable HD cell lines for this purpose include L428, L450, HDLM2 
and KM-H2 (all of which are available from the German Collection of Microorganisms and 
Cell Cultures (DMSZ: Deutsche Sammlung von Mikroorganismen und Zellkulturen 
GmbH)). 

30 Many methods of determining whether a protein exerts a cytostatic or 

cytotoxic effect on a cell are known to those of skill in the art, and can be used to elucidate 
whether a particular protein is a protein of the invention. Illustrative examples of such 
methods are described below. 

Wherein a protein that binds to CD30 does not exert a cytostatic or cytotoxic 

35 effect on HD cells, the protein can be multimerized according to the methods described in 
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Section 5.1, supra, and the multimer assayed for its ability to exert a cytostatic or cytotoxic 
effect on HD cells. 

Once a protein is identified that both (i) binds to CD30 and (ii) exerts a 
cytostatic or cytotoxic effect on HD cells, its therapeutic value is validated in an animal 

5 model, as described in Section 6, infra. 

In a preferred embodiment, determining whether a protein exerts a cytostatic 
or cytotoxic effect on a HD cell line can be made by contacting a 5,000 cell-culture of the 
HD cell line in a culture area of about 0.33 cm 2 with the protein for a period of 72 hours. 
During the last 8 hours of the 72-hour period, the culture is exposed to 0.5 \id of 

10 3 H-thymidine. The incorporation of 3 H-thymidine into cells of the culture is then measured. 
The protein has a cytostatic or cytotoxic effect on the HD cell line and is useful for the 
treatment or prevention of HD if the cells of the culture contacted with the protein have 
reduced 3 H-thymidine incorporation compared to cells of the same HD cell line cultured 
under the same conditions but not contacted with the anti-CD30 antibody. 

1 5 There are many cytotoxicity assays known to those of skill in the art. Some 

of these assays measure necrosis, while others measure apoptosis (programmed cell death). 
Necrosis is accompanied by increased permeability of the plasma membrane; the cells swell 
and the plasma membrane ruptures within minutes. On the other hand, apoptosis is 
characterized by membrane blebbing, condensation of cytoplasm and the activation of 

20 endogenous endonucleases. Only one of these effects on HD cells is sufficient to show that 
a CD30-binding protein is useful in the treatment or prevention of HD as an alternative to 
the assays measuring cytostatic or cytotoxic effects described above. 

In one embodiment, necrosis measured by the ability or inability of a cell to 
take up a dye such as neutral red, trypan blue, or ALAMAR™ blue (Page et ah, 1993, Intl. 

25 J. of Oncology 3:473-476). In such an assay, the cells are incubated in media containing the 
dye, the cells are washed, and the remaining dye, reflecting cellular uptake of the dye, is 
measured spectrophotometrically. 

In another embodiment, the dye is sulforhodamine B (SRB), whose binding 
to proteins can be used as a measure of cytotoxicity (Skehan et al., 1990, J. Nat'l Cancer 

30 Inst. 82:1107-12). 

hi yet another embodiment, a tetrazolium salt, such as MTT, is used in a 
quantitative colorimetric assay for mammalian cell survival and proliferation by detecting 
living, but not dead, cells (see, e.g., Mosmann, 1983, J. Immunol. Methods 65:55-63). 

In yet another embodiment, apoptotic cells are measured in both the attached 

35 and "floating" compartments of the cultures. Both compartments are collected by removing 
the supernatant, trypsinizing the attached cells, and combining both preparations following 
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a centrifugation wash step (10 minutes, 2000 rpm). The protocol for treating tumor cell 
cultures with sulindac and related compounds to obtain a significant amount of apoptosis 
has been described in the literature {see, e.g. , Piazza et al y 1995, Cancer Research 
£5:3110-16). Features of this method include collecting both floating and attached cells, 

5 identification of the optimal treatment times and dose range for observing apoptosis, and 
identification of optimal cell culture conditions. 

In yet another embodiment, apoptosis is quantitated by measuring DNA 
fragmentation. Commercial photometric methods for the quantitative in vitro determination 
of DNA fragmentation are available. Examples of such assays, including TUNEL (which 

1 0 detects incorporation of labeled nucleotides in fragmented DNA) and ELISA-based assays, 
are described in Biochemica, 1999, no. 2, pp. 34-37 (Roche Molecular Biochemicals). 

In yet another embodiment, apoptosis can be observed morphologically. 
Following treatment with a test protein or nucleic acid, cultures can be assayed for 
apoptosis and necrosis by fluorescent microscopy following labeling with acridine orange 

15 and ethidium bromide. The method for measuring apoptotic cell number has previously 
been described by Duke & Cohen, 1992, Current Protocols In Immunology, Coligan et a/., 
eds., 3.17.1-3.17.16. In another mode of the embodiment, cells can be labeled with the 
DNA dye propidium iodide, and the cells observed for morphological changes such as 
chromatin condensation and margination along the inner nuclear membrane, cytoplasmic 

20 condensation, increased membrane blebbing and cellular shrinkage. 

5.4 NUCLEIC ACIDS OF THE INVENTION 

The invention further provides nucleic acids comprising a nucleotide 
sequence encoding a protein, including but not limited to, a protein of the invention and 

25 fragments thereof. Nucleic acids of the invention preferably encode one or more CDRs of 
antibodies that bind to CD30 and exert cytotoxic or cytostatic effects on HD cells. 
Exemplary nucleic acids of the invention comprise SEQ ID NO:3, SEQ ID NO:5, SEQ ID 
NO:7, SEQ ID NO.l 1, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:19, SEQ ID NO:21, 
SEQ ID NO:23, SEQ ID NO:27, SEQ ID NO:29 or SEQ ID NO:3 1 . Preferred nucleic acids 

30 of the invention comprise SEQ ID NO:l, SEQ ID NO:9, SEQ ID NO:17, or SEQ ID 
NO:25. (See Table 1 at pages 9-10, supra* for identification of the domain of AC10 or 
HeFi-1 to which these sequence identifiers correspond). 

The invention also encompasses nucleic acids that hybridize under stringent, 
moderate or low stringency hybridization conditions, to nucleic acids of the invention, 

35 preferably, nucleic acids encoding an antibody of the invention. 
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By way of example and not limitation, procedures using such conditions of 
low stringency for regions of hybridization of over 90 nucleotides are as follows (see also 
Shilo and Weinberg, 1981, Proc. Natl. Acad. Sci. U.S.A. 78,:6789-6792). Filters containing 
DNA are pretreated for 6 hours at 40°C in a solution containing 35% formamide, 5X SSC, 

5 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0,1% PVP, 0.1% Ficoll, 1% BSA, and 500 [ig/ml 
denatured salmon sperm DNA. Hybridizations are carried out in the same solution with the 
following modiGcations: 0.02% PVt\ 0.02% Ficoll, 0.2% BSA, 100 ug/ml salmon sperm 
DNA, 10% (wt/vol) dextran sulfate, and 5-20 X 10 6 cpm 32 P-labeled probe is used. Filters 
are incubated in hybridization mixture for 18-20 h at 40 °C, and then washed for 1 .5 h at 

10 55°C in a solution containing 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA, and 0.1% 
SDS. The wash solution is replaced with fresh solution and incubated an additional 1.5 h at 
60 °C. Filters are blotted dry and exposed for autoradiography. If necessary, filters are 
washed for a third time at 65-68 °C and re-exposed to film. Other conditions of low 
stringency which may be used are well known in the art (e.g., as employed for cross-species 

15 hybridizations). 

Also, by way of example and not limitation, procedures using such 
conditions of high stringency for regions of hybridization of over 90 nucleotides are as 
follows. Prehybridization of filters containing DNA is carried out for 8 h to overnight at 
65°C in buffer composed of 6X SSC, 50 mM Tris-HCl (pH 7.5), 1 mM EDTA, 0.02% PVP, 

20 0.02% Ficoll, 0.02% BSA, and 500 ^ig/ml denatured salmon sperm DNA. Filters are 
hybridized for 48 h at 65 °C in prehybridization mixture containing 100 fig/ml denatured 
salmon sperm DNA and 5-20 X 10 6 cpm of 32 P-labeled probe. Washing of filters is done at 
37°C for 1 h in a solution containing 2X SSC, 0.01% PVP, 0.01% Ficoll, and 0.01% BSA. 
This is followed by a wash in 0. IX SSC at 50 °C for 45 min before autoradiography. 

25 Other conditions of high stringency which may be used depend on the nature 

of the nucleic acid (e.g. length, GC content, etc.) and the purpose of the hybridization 
(detection, amplification, eta) and are well known in the art. For example, stringent 
hybridization of a nucleic acid of approximately 15-40 bases to a complementary sequence 
in the polymerase chain reaction (PCR) is done under the following conditions: a salt 

30 concentration of 50 mM KC1, a buffer concentration of 1 0 mM Tris-HCl, a Mg 2+ 
concentration of 1.5 mM, a pH of 7-7.5 and an annealing temperature of 55-60°C. 

In another specific embodiment, a nucleic acid which is hybridizable to a 
nucleic acid of the invention acid, or its complement, under conditions of moderate 
stringency is provided. Selection of appropriate conditions for such stringencies is well 

35 known in the art (see e.g., Sambrook et aL, 1989, Molecular Cloning, A Laboratory 

Manual, 2d Ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York; see 
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also, Ausubel et al, eds., in the Current Protocols in Molecular Biology series of laboratory 
technique manuals, © 1987-1997, Current Protocols, © 1994-1997 John Wiley and Sons, 
Inc.). 

The nucleic acids of the invention may be obtained, and the nucleotide 
5 sequence of the nucleic acids determined, by any method known in the art. For example, if 
the nucleotide sequence of the protein is known, a nucleic acid encoding the antibody may 
be assembled from chemically synthesized oligonucleotides (e.g., as described in Kutmeier 
et al, 1994, BioTechniques 17:242), which, briefly, involves the synthesis of overlapping 
oligonucleotides containing portions of the sequence encoding the protein, annealing and 
10 ligating of those oligonucleotides, and then amplification of the ligated oligonucleotides by 
PCR. 

Alternatively, a nucleic acid encoding a protein of the invention may be 
generated from nucleic acid from a suitable source. If a clone containing a nucleic acid 
encoding a particular protein is not available, but the sequence of the protein molecule is 

1 5 known, a nucleic acid encoding the protein may be chemically synthesized or obtained from 
a suitable source (e.g., a cDNA library such as an antibody cDNA library or a cDNA library 
generated from, or nucleic acid, preferably poly A+ RNA, isolated from, any tissue or cells 
expressing the protein. If the protein is an antibody, the library source can be hybridoma 
cells selected to express the antibody of the invention) by PCR amplification using 

20 synthetic primers hybridizable to the 3* and 5* ends of the sequence or by cloning using an 
oligonucleotide probe specific for the particular gene sequence to identify, e.g., a cDNA 
clone from a cDNA library that encodes the protein. Amplified nucleic acids generated by 
PCR may then be cloned into replicable cloning vectors using any method well known in 
the art. 

25 Once the nucleotide sequence and corresponding amino acid sequence of the 

antibody is determined, the nucleotide sequence of the protein may be manipulated using 
methods well known in the art for the manipulation of nucleotide sequences, e.g., 
recombinant DNA techniques, site directed mutagenesis, PCR, etc. (see, for example, the 
techniques described in Sambrook et al, 1990, Molecular Cloning, A Laboratory Manual, 

30 2d Ed., Cold Spring Harbor Laboratory, Cold Spring Harbor, NY and Ausubel et al, eds., 
1998, Current Protocols in Molecular Biology, John Wiley & Sons, NY, which are both 
incorporated by reference herein in their entireties ), to generate antibodies having a 
different amino acid sequence, for example to create amino acid substitutions, deletions, 
and/or insertions. 

35 In a specific embodiment, the protein is an antibody, and the amino acid 

sequence of the heavy and/or light chain variable domains may be inspected to identify the 
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sequences of the CDRs by methods that are well know in the art, e.g., by comparison to 
known amino acid sequences of other heavy and light chain variable regions to determine 
the regions of sequence hypervariability. Using routine recombinant DNA techniques, one 
or more of the CDRs may be inserted within framework regions, e.g., mto human 
5 framework regions to humanize a non-human antibody, as described supra. The framework 
regions may be naturally occurring or consensus framework regions, and are preferably 
human framework regions {see, e.g., Chothia et al, 1998, J. Mol. Biol. 278,457-479 for a 
listing of human framework regions). The nucleic acid generated by the combination of the 
framework regions and CDRs encodes an antibody that specifically binds CD30 and exerts 
10 a cytostatic and/or cytotoxic effect on HD cells. Preferably, as discussed supra, one or 
more amino acid substitutions may be made within the framework regions, and, preferably, 
the amino acid substitutions improve binding of the antibody to CD30 and/or to enhance the 
cytostatic and/or cytotoxic effect of the antibody. Additionally, such methods may be used 
to make amino acid substitutions or deletions of one or more variable region cysteine 
15 residues participating in an intrachain disulfide bond to generate antibody molecules lacking 
one or more intrachain disulfide bonds. Other alterations to the nucleic acid are 
encompassed by the present invention and within the skill of the art. 

In addition, techniques developed for the production of "chimeric 
antibodies" (Morrison et al, 1984, Proc. Natl. Acad. Sci. 81:851-855; Neuberger et al, 
20 1984 Nature 3J2.604-608 ; Takeda * a/., 1985, Nature 314:452-454) by splicing genes 
from'a mouse antibody molecule of appropriate antigen specificity together with genes from 
a human antibody molecule of appropriate biological activity can be used. As described 
supra, a chimeric antibody is a molecule in which different portions are derived from 
different animal species, such as those having a variable region derived from a murine mAb 
25 and a human immunoglobulin constant region, e.g., humanized antibodies. 

Alternatively, techniques described for the production of single cham 
antibodies (U.S. PatentNo. 4,946,778; Bird, 1988, Science 242:423- 42; Huston et al, 
1988 Proc Natl. Acad. Sci. USA 85_:5879-5883; and Ward et al, 1989, Nature 334:544-54) 
can be adapted to produce single chain antibodies. Single chain antibodies are formed by 
30 linking the heavy and light chain fragments of the Fv region via an amino acid bridge, 
resulting in a single chain protein. Techniques for the assembly of functional Fv fragments 
in E. coli may also be used (Skerra et al, 1988, Science 242:1038- 1041). 



35 
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5.5 STT- ffllKNCES P ^f^Tpcn TO ACIO AND HeFi-1 
The present invention further encompasses proteins and nucleic acids 
comprising a region of homology to CDRs of ACIO and HeFi-1, or the coding regions 
5 therefor, respectively. In various embodiments, the region of homology is characterized by 
at least 50%, at least 55%. at least 60%, at least 65%, at least 70%, at least 75%, at least 
80%, at least 85%, at least 90%, at least 95% or at least 98% identity with the 
corresponding region of AC 1 0 or HeFi-1 . 

In one embodiment, the present invention provides a protein with a region of 
10 homology to a CDR of HeFi-l (SEQ ID NO:20, SEQ ID NO:22; SEQ ID NO:24; SEQ ID 
NO-28 SEQIDNO:30orSEQIDNO:32). In another embodiment, the present invenhon 
provide* a protein with a region of homology to a CDR of ACIO (SEQ ID NO:4; SEQ ID 
NO-6- SEQ ID NO:8; SEQ ID NO:12; SEQ ID NO:14; or SEQ ID NO:16). 

In another embodiment, the present invention provides a nucleic acid with a 
15 region of homology to a CDR coding region of HeFi-1 (SEQ ID NO:19, SEQ ID NO:21, 
SEQ ID NO:23, SEQ ID NO:27, SEQ ID NO:29 or SEQ ID NO:3 1). In yet another 
embodiment, the present invention provides a nucleic acid with a region of homology to a 
CDR coding region of AC10 (SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID 
NO-.ll, SEQ ID NO:13, SEQ ID NO:15). 
20 The present invention further encompasses proteins and nucleic acids 

comprising a region of homology to the variable regions of AC10 and HeFi-1 , or the coding 
region therefor, respectively. In various embodiments, the region of homology is 
characterized by at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 
75%, at least 80%, at least 85%, at least 90%, at least 95% or at least 98% identity wnh the 
25 corresponding region of AC10 or HeFi-1. 

In one embodiment, the present invention provides a protein with a region of 
homology to a variable region of HeFi-1 (SEQ ID NO:18 or SEQ ID NO: 26). In another 
embodiment, the present invention provides a protein with a region of homology to a 
variable region of AC10 (SEQ ID NO: 2 or SEQ ID NO: 10). 
30 m one embodiment, the present invention provides a nucleic acid with a 

region of homology to a variable region coding region of HeFi-1 (SEQ ID NO:17 or SEQ 
ID NO-25) In another embodiment, the present invention provides a nucleic with a region 
of homology to a variable region coding region of AC10 (SEQ ID NO:l or SEQ ID NO:9). 

To determine the percent identity of two amino acid sequences or of two 
35 n ucleicaci^,e.g.betweenuiesequencesofanAC10orHeFi-lvariableregionand 
sequences from other proteins with regions of homology to the AC10 or HeFi-1 variable 
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region, the sequences are aligned for optimal comparison purposes (*.*., gaps can be 
introduced in the sequence of a first amino acid or nucleic acid sequence for optimal 
alignment with a second amino or nucleic acid sequence). The amino acid residues or 
nucleotides at corresponding amino acid positions or nucleotide positions are then 
5 compared. When a position in the first sequence is occupied by the same amino acid 
residue or nucleotide as the corresponding position in the second sequence, then the 
molecules are identical at that position. The percent identity between the two sequences » a 
function of the number of identical positions shared by the sequences {i.e., % identity - # of 
identical positions/total # of positions {e.g., overlapping positions) x 100). In one 
10 embodiment, the two sequences are the same length. 

The deterrnination of percent identity between two sequences can be 
accomplished using a mathematical algorithm. A preferred, non-limiting example 
mathematical algorithm utilized for the comparison of two sequences is the algorithm of 
Karlin and Altschul, 1990, Proc. Natl. Acad. Sci. USA 87:2264-2268, modified as in Karlm 
15 and Altschul, 1993, Proc. Natl. Acad. Sci. USA 90:5873-5877. Such an algonthm is 
incorporated into the NBLAST andXBLAST programs of Altschul, ef a/., 1990, J. Mol. 
Biol 215 403-410. BLAST nucleotide searches can be performed with the NBLAST 
program, score = 100, wordlength = 12 to obtain nucleotide sequences homologous to a 
nucleic acid encoding a SCA-1 modifier protein. BLAST protein searches can be 
20 performed with the XBLAST program, score = 50, wordlength = 3 to obtain amino acid 
sequences homologous to a SCA-1 modifier protein. To obtain gapped alignments for 
comparison purposes, Gapped BLAST can be utilized as described in Altschul et al., 1997, 
Nucleic Acids Res. 25:3389-3402. Alternatively, PSI-Blast can be used to perform an 
iterated search which detect, distant relationships between molecules {Id.). When utilizing 
25 BLAST Gapped BLAST, and PSI-Blast programs, the default parameters of the respective 
programs {e.g., XBLAST and NBLAST) can be used. See http://www.ncbi.nlm.mh.gov. 
Another preferred, non-limiting example of a mathematical algorithm utilized for the 
comparison of sequences is the algorithm of Myers and Miller, CABIOS (1989). Such an 
algorithm is incorporated into the ALIGN program (version 2.0) which is part of the GCG 
30 sequence alignment software package. When utilizing the ALIGN program for comparing 
amino acid sequences, a PAM1 20 weight residue table, a gap length penalty of 12, and a 
gap penalty of 4 can be used. Additional algorithms for sequence analysis are known in the 
art and include ADVANCE and ADAM as described in Torellis and Robotti, 1994, 
Comput Appl. Biosci., 10:3-5; and FASTA described in Pearson and Lipman, 1988, Proc. 
35 Natl Acad. Sci. 85:2444-8. Within FASTA, ktup is a control option that sets the sensitivity 
and speed of the search. If ktup=2, similar regions in the two sequences being compared are 
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found by looking at pairs of aligned residues; if ktup=l, single aligned amino acids are 
examined, ktup can be set to 2 or 1 for protein sequences, or from I to 6 for DNA 
sequences. The default if ktup is not specified is 2 for proteins and 6 for DNA- For a further 
description of FASTA parameters, see 
5 http://bioweb.pasteur.fr/docs/man/man/fasta. 1 .html#sect2, the contents of which are 
incorporated herein by reference. 

Alternatively, protein sequence alignment may be carried out using the 
CLUSTAL W algorithm, as described by Higgins et aL, 1996, Methods Enzymol. 266:383- 
402. 

1 o The percent identity between two sequences can be determined using 

techniques similar to those described above, with or without allowing gaps. In calculating 
percent identity, only exact matches are counted. 

5.6 METHODS OF PRODUCING THE PROTEINS OF THE INVENTION 

1 5 The proteins, including antibodies, of the invention can be produced by any 

method known in the art for the synthesis of proteins, in particular, by chemical synthesis or 
preferably, by recombinant expression techniques. 

Recombinant expression of a protein of the invention, including a fragment, 
derivative or analog thereof, (e.g., a heavy or light chain of an antibody of the invention) 

20 requires construction of an expression vector containing a nucleic acid that encodes the 
protein. Once a nucleic acid encoding a protein of the invention has been obtained, the 
vector for the production of the protein molecule may be produced by recombinant DNA 
technology using techniques well known in the art. Thus, methods for preparing a protein 
by expressing a nucleic acid containing nucleotide sequence encoding said protein are 

25 described herein. Methods which are well known to those skilled in the art can be used to 
construct expression vectors containing coding sequences and appropriate transcriptional 
and translational control signals. These methods include, for example, in vitro recombinant 
DNA techniques, synthetic techniques, and in vivo genetic recombination. The invention, 
thus, provides replicable vectors comprising a nucleotide sequence encoding a protein of the 

30 invention operably linked to a promoter. Wherein the protein is an antibody, the nucleotide 
sequence may encode a heavy or light chain thereof, or a heavy or light chain variable 
domain, operably linked to a promoter. Such vectors may include the nucleotide sequence 
encoding the constant region of the antibody molecule (see, e.g. 9 PCT Publication WO 
86/05807; PCT Publication WO 89/01036; and U.S. Patent No. 5,122,464) and the variable 

35 domain of the antibody may be cloned into such a vector for expression of the entire heavy 
or light chain. 
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The expression vector is transferred to a host cell by conventional techniques 
and the transfected cells are then cultured by conventional techniques to produce a protein 
of the invention. Thus, the invention encompasses host cells containing a nucleic acid 
encoding a protein of the invention, operably linked to a heterologous promoter. In 

5 preferred embodiments for the expression of double-chained antibodies, vectors encoding 
both the heavy and light chains may be co-expressed in the host cell for expression of the 
entire immunoglobulin molecule, as detailed below. 

A variety of host-expression vector systems may be utilized to express the 
proteins molecules of the invention. Such host-expression systems represent vehicles by 

10 which the coding sequences of interest may be produced and subsequently purified, but also 
represent cells which may, when transformed or transfected with the appropriate nucleotide 
coding sequences, express a protein of the invention in situ. These include but are not 
limited to microorganisms such as bacteria (e.g. 9 E. coli, B. subtilis) transformed with 
recombinant bacteriophage DNA, plasmid DNA or cosmid DNA expression vectors 

15 containing antibody coding sequences; yeast (eg., Saccharomyces, Pichia) transformed 
with recombinant yeast expression vectors containing antibody coding sequences; insect 
cell systems infected with recombinant virus expression vectors (e.g., baculovirus) 
containing antibody coding sequences; plant cell systems infected with recombinant virus 
expression vectors (e.g., cauliflower mosaic virus, CaMV; tobacco mosaic virus, TMV) or 

20 transformed with recombinant plasmid expression vectors (e.g. , Ti plasmid) containing 
antibody coding sequences; or mammalian cell systems (e.g., COS, CHO, BHK, 293, 3T3 
cells) harboring recombinant expression constructs containing promoters derived from the 
genome of mammalian cells (e.g., metal lothionein promoter) or from mammalian viruses 
(e.g., the adenovirus late promoter; the vaccinia virus 7.5K promoter). Preferably, bacterial 

25 cells such as Escherichia coli, and more preferably, eukaryotic cells, especially for the 
expression of whole recombinant antibody molecules, are used for the expression of a 
recombinant protein of the invention. For example, mammalian cells such as Chinese 
hamster ovary cells (CHO), in conjunction with a vector such as the major intermediate 
early gene promoter element from human cytomegalovirus is an effective expression system 

30 for proteins of the invention (Foecking et al 9 1986, Gene 45:101; Cockett et al. y 1990, 
Bio/Technology 8:2). 

In bacterial systems, a number of expression vectors may be advantageously 
selected depending upon the use intended for the folding and post-translation modification 
requirements protein being expressed. Where possible, when a large quantity of such a 

35 protein is to be produced, for the generation of pharmaceutical compositions comprising a 
protein of the invention, vectors which direct the expression of high levels of fusion protein 
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products that are readily purified may be desirable. Such vectors include, but are not 
limited, to the E. coli expression vector pUR278 (Ruther et al , 1 983, EMBO 1 . 2: 1 791), in 
which the antibody coding sequence may be ligated individually into the vector in frame 
with the lac Z coding region so that a fusion protein is produced; pIN vectors (Inouye & 
5 Inouye, 1985, Nucleic Acids Res. 12:3101-3109; Van Heeke & Schuster, 1989, J. Biol. 
Chem. 24:5503-5509); and the like. pGEX vectors may also be used to express fusion 
proteins with glutathione S-transferase (GST). In general, such fusion proteins are soluble 
and can easily be purified from lysed cells by adsorption and binding to matrix glutathione- 
agarose beads followed by elution in the presence of free glutathione. The pGEX vectors 
10 are designed to include thrombin or factor Xa protease cleavage sites so that the cloned 
target gene product can be released from the GST moiety. 

In an insect system, Autographa californica nuclear polyhedrosis virus 
(AcNPV) is used as a vector to express foreign genes. The virus grows in Spodoptera 
frugiperda cells. The antibody coding sequence may be cloned individually into non- 
1 5 essential regions (for example the polyhedrin gene) of the virus and placed under control of 
an AcNPV promoter (for example the polyhedrin promoter). 

In mammalian host cells, a number of viral-based expression systems may be 
utilized. In cases where an adenovirus is used as an expression vector, the coding sequence 
of the protein of the invention may be ligated to an adenovirus transcription/translation 
20 control complex, e.g., the late promoter and tripartite leader sequence. This chimeric gene 
may then be inserted in the adenovirus genome by in vitro or in vivo recombination. 
Insertion in a non- essential region of the viral genome (e.g., region El or E3) will result in a 
recombinant virus that is viable and capable of expressing the protein of the invention in 
infected hosts. (See, e.g., Logan & Shenk, 1984, Proc. Natl. Acad. Sci. USA 8 1:355-359). 
2 5 Specific initiation signals may also be required for efficient translation of inserted coding 
sequences. These signals include the ATG initiation codon and adjacent sequences. 
Furthermore, the initiation codon must be in phase with the reading frame of the desired 
coding sequence to ensure translation of the entire insert. These exogenous translational 
control signals and initiation codons can be of a variety of origins, both natural and 
30 synthetic. The efficiency of expression may be enhanced by the inclusion of appropriate 
transcription enhancer elements, transcription terminators, etc. (see Bittner et al, 1987, 
Methods in EnzymoL 153:51-544). 

In addition, a host cell strain may be chosen which modulates the expression 
of the inserted sequences, or modifies and processes the gene product in the specific fashion 
35 desired. Such modifications (e.g., glycosylation) and processing (e.g., cleavage) of protein 
products may be important for the function of the protein of the invention. Different host 
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cells have characteristic and specific mechanisms for the post-translational processing and 
modification of proteins and gene products. Appropriate cell lines or host systems can be 
chosen to ensure the correct modification and processing of the foreign protein expressed. 
To this end, eukaryotic host cells which possess the cellular machinery for proper 

5 processing of the primary transcript, glycosylation, and phosphorylation of the gene product 
may be used. Such mammalian host cells include but are not limited to CHO, VERO, 
BHK, Hela, COS, MDCK, 293, 3T3, and W138. 

For long-term, high-yield production of recombinant proteins, stable 
expression is preferred. For example, cell lines which stably express the protein of the 

10 invention may be engineered. Rather than using expression vectors which contain viral 
origins of replication, host cells can be transformed with DNA controlled by appropriate 
expression control elements (e.g., promoter, enhancer, sequences, transcription terminators, 
polyadenylation sites, etc.), and a selectable marker. Following the introduction of the 
foreign DNA, engineered cells may be allowed to grow for 1-2 days in an enriched media, 

1 5 and then are switched to a selective media. The selectable marker in the recombinant 
plasmid confers resistance to the selection and allows cells to stably integrate the plasmid 
into their chromosomes and grow to form foci which in turn can be cloned and expanded 
into cell lines. This method may advantageously be used to engineer cell lines which 
express the protein of the invention. 

20 A number of selection systems may be used, including but not limited to the 

herpes simplex virus thymidine kinase (Wigler et aL y 1977 r , Cell U:223), hypoxanthine- 
guanine phosphoribosyltransferase (Szybalska & Szybalski, 1992, Proc. Natl. Acad. Sci. 
USA 48:202), and adenine phosphoribosyltransferase (Lowy et al y 1980, Cell 22:8-17) 
genes can be employed in tk-, hgprt- or aprt- cells, respectively. Also, antimetabolite 

25 resistance can be used as the basis of selection for the following genes: dhfr, which confers 
resistance to methotrexate (Wigler et al, 1980, Proc. Natl. Acad. Sci. USA 77:357; O'Hare 
et al> 1981, Proc. Natl. Acad. Sci. USA 78:1527); gpt, which confers resistance to 
mycophenolic acid (Mulligan & Berg, 1981, Proc. Natl. Acad. Sci. USA 78:2072); neo, 
which confers resistance to the aminoglycoside G-418 (Clinical Pharmacy 12:488-505; Wu 

30 and Wu, 1991, Biotherapy 3:87-95 ; Tolstoshev, 1993, Ann. Rev. Pharmacol. Toxicol. 

32:573-596; Mulligan, 1993, Science 260:926-932 ; and Morgan and Anderson, 1993, Ann. 
Rev. Biochem. 62: 191-217; May, 1993, TIB TECH li(5):155-215); and hygro, which 
confers resistance to hygromycin (Santerre et a/., 1984, Gene 30:147). Methods commonly 
known in the art of recombinant DNA technology may be routinely applied to select the 

35 desired recombinant clone, and such methods are described, for example, in Ausubel et aL 
(eds.), Current Protocols in Molecular Biology, John Wiley & Sons, NY (1993); Kriegler, 
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Gene Transfer and Expression, A Laboratory Manual, Stockton Press, NY (1990); and in 
Chapters 12 and 13, Dracopoli et al. (eds), Current Protocols in Human Genetics, John 
Wiley & Sons, NY (1994); Colbeire-Garapin et at., 1981, J. Mol. Biol. 150:1, which are 
incorporated by reference herein in their entireties. 

5 The expression levels of a protein of the invention can be increased by vector 

amplification (for a review, see Bebbington and Hentschel, 'The Use of Vectors Based on 
Gene Amplification for the Expression of Cloned Genes in Mammalian Cells in DNY 
Cloning", Vol.3. (Academic Press, New York, 1987)). When a marker in the vector system 
expressing antibody is amplifiable, increase in the level of inhibitor present in culture of 

10 host cell will increase the number of copies of the marker gene. Since the amplified region 
is associated with the antibody gene, production of the protein of the invention will also 
increase (Crouse et al y 1983, Mol. Cell. Biol. 3:257). 

Wherein the protein of the invention is an antibody, the host cell may be co- 
transfected with two expression vectors of the invention, the first vector encoding a heavy 

1 5 chain derived protein and the second vector encoding a light chain derived protein. The two 
vectors may contain identical selectable markers which enable equal expression of heavy 
and light chain proteins. Alternatively, a single vector may be used which encodes, and is 
capable of expressing, both heavy and light chain proteins. In such situations, the light 
chain should be placed before the heavy chain to avoid an excess of toxic free heavy chain 

20 (Proudfoot, 1986, Nature 322:52 (1986); Kohler, 1980, Proc. Natl. Acad. Sci. USA 77:2 
197). The coding sequences for the heavy and light chains may comprise cDNA or 
genomic DNA. 

Once a protein molecule of the invention has been produced by an animal, 
chemically synthesized, or recombinantly expressed, it may be purified by any method 

25 known in the art for purification of proteins, for example, by chromatography (e.g., ion 
exchange; affinity, particularly by affinity for the specific antigen, Protein A (for antibody 
molecules, or affinity for a heterologous fusion partner wherein the protein is a fusion 
protein; and sizing column chromatography), centrifugation, differential solubility, or by 
any other standard technique for the purification of proteins. 

30 The present invention encompasses CD3-binding proteins recombinantly 

fused or chemically conjugated (including both covalent and non-covalent conjugation) to 
heterologous proteins (of preferably at least 10, 20, 30, 40, 50, 60, 70, 80, 90 or at least 100 
amino acids) of the present invention to generate fusion proteins. The fusion does not 
necessarily need to be direct, but may occur through linker sequences. 

35 The present invention further includes compositions comprising proteins of 

the invention fused or conjugated to antibody domains other than the variable regions. For 
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example, the proteins of the invention may be fused or conjugated to an antibody Fc region, 
or portion thereof. The antibody portion fused to a protein of the invention may comprise 
the constant region, hinge region, CH 1 domain, CR2 domain, and CH3 domain or any 
combination of whole domains or portions thereof. The proteins may also be fused or 

5 conjugated to the above antibody portions to form multimers. For example, Fc portions 
fused to the proteins of the invention can form dimers through disulfide bonding between 
the Fc portions. Higher multimeric forms can be made by fusing the proteins to portions of 
IgA and IgM. Methods for fusing or conjugating the proteins of the invention to antibody 
portions are known in the art. See, e.g., U.S. Patent Nos. 5,336,603; 5,622,929; 5,359,046; 

10 5,349,053; 5,447,851; 5,1 12,946; EP 307,434; EP 367,166; PCT publications WO 

96/04388; WO 9 1/06570; Ashkenazi et al. 9 1991, Proc. Nat. Acad. Sci. USA 88:10535- 
10539; Zheng et al, 1995, J. Immunol. 154:5590-5600; and Vil et al, 1992, Proc. Natl. 
Acad. Sci. USA 89:1 1 337- 1 1341 (said references incorporated by reference in their 
entireties). 

5.7 CONJUGATES AND FUSION PROTEINS 

As discussed, supra, the proteins of the invention encompass proteins that 
bind to CD30 and exert a cytostatic and/or cytotoxic effect on HD cells, and that are further 
fused or conjugated to heterologous proteins or cytotoxic agents. 

20 The present invention thus provides for treatment of Hodgkin's Disease by 

administration of a protein or nucleic acid of the invention. Proteins of the invention 
include but are not limited to: AC10 and HeFi-1 proteins, antibodies and analogs and 
derivatives thereof {e.g., as described herein above); the nucleic acids of the invention 
include but are not limited to nucleic acids encoding such AC 10 and HeFi-1 proteins, 

25 antibodies and analogs or derivatives (e.g., as described herein above). 

In certain embodiments of the invention, a protein or nucleic acid of the 
invention may be chemically modified to improve its cytotoxic and/or cytostatic properties. 
For example, a protein of the invention can be administered as a conjugate. Particularly 
suitable moieties for conjugation to proteins of the invention are chemotherapeutic agents, 

30 pro-drug converting enzymes, radioactive isotopes or compounds, or toxins. Alternatively, 
a nucleic acid of the invention may be modified to functionally couple the coding sequence 
of a pro-drug converting enzyme with the coding sequence of a protein of the invention, 
such that a fusion protein comprising the functionally active pro-drug converting enzyme 
and protein of the invention is expressed in the subject upon administration of the nucleic 

35 acid in accordance with the gene therapy methods described in Section 5.7, infra. 
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In one embodiment, a protein of the invention is fused to a marker sequence, 
such as a peptide, to facilitate purification. In preferred embodiments, the marker amino 
acid sequence is a hexa-histidine peptide, such as the tag provided in a pQE vector 
(QIAGEN, Inc., 9259 Eton Avenue, Chatsworth, CA, 9131 1), among others, many of which 

5 are commercially available. As described in Gentz et ai, 1 989, Proc. Natl. Acad. Sci. USA 
86:821-824, for instance, hexa-histidine provides for convenient purification of the fusion 
protein. Other peptide tags useful for purification include, but are not limited to, the "HA" 
tag, which corresponds to an epitope derived from the influenza hemagglutinin protein 
(Wilson et ai, 1984, Cell 32:767) and the "flag" tag. Such fusion proteins can be generated 

10 by standard recombinant methods known to those of skill in the art. 

In another embodiment, the proteins of the invention are fused or conjugated 
to a therapeutic agent For example, a protein of the invention may be conjugated to a 
cytotoxic agent such as a chemotherapeutic agent, a toxin (e.g., a cytostatic or cytocidal 
agent), or a radionuclide (e.g., alpha-emitters such as, for example, m Bi, 211 At, or beta- 

15 emitters such as, for example, 131 1, *°Y, or 67 Cu). 

Drugs such as methotrexate (Endo et ah, 1987, Cancer Research 
47:1076-1080), daunomycin (Gallego et al y 1984, hit. J. Cancer. 33:737-744), mitomycin C 
(MMC) (Ohkawa et al, 1986, Cancer Immunol. Immunother. 23:81-86) and vinca alkaloids 
(Rowland et aL, 1986, Cancer Immunol Immunother. 21:183-187) have been attached to 

20 antibodies and the derived conjugates have been investigated for anti-tumor activities. Care 
should be taken in the generation of chemotherapeutic agent conjugates to ensure that the 
activity of the drug and/or protein does not diminish as a result of the conjugation process. 

Examples of chemotherapeutic agents include the following non-mutually 
exclusive classes of chemotherapeutic agents: alkylating agents, anthracyclines, antibiotics, 

25 antifolates, antimetabolites, antitubulin agents, auristatins, chemotherapy sensitizers, DNA 
minor groove binders, DNA replication inhibitors, duocarmycins, ef oposides, fluorinated 
pyrimidines, lexitropsins, nitrosoureas, platinols, purine antimetabolites, puromycins, 
radiation sensitizers, steroids, taxanes, topoisomerase inhibitors, and vinca alkaloids. 
Examples of individual chemotherapeutics that can be conjugated to a nucleic acid or 

30 protein of the invention include but are not limited to an androgen, anthramycin (AMC), 
asparaginase, 5-azacytidine, azathioprine, bleomycin, busulfan, buthionine sulfoximine, 
camptothecin, carboplatin, carmustine (BSNU), CC-1065, chlorambucil, cisplatin, 
colchicine, cyclophosphamide, cytarabine, cytidine arabinoside, cytochalasin B, 
dacarbazine, dactinomycin (formerly actinomycin), daunorubicin, decarbazine, docetaxel, 

35 doxorubicin, an estrogen, 5-fluordeoxyuridine, 5-fluorouracil, gramicidin D, hydroxyurea, 
idarubicin, ifosfamide, irinotecan, lomustine (CCNU), mechlorethamine, melphalan, 6- 
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mercaptopurine, methotrexate, mithramycin, mitomycin C, mitoxantrone, nitroimidazole, 
paclitaxel, plicamycin, procarbizine, streptozotocin, tenoposide, 6-thioguanine, thioTEPA, 
topotecan, vinblastine, vincristine, vinorelbine, VP-16 and VM-26. 

The conjugates of the invention used for enhancing the therapeutic effect of 

5 the protein of the invention include non-classical therapeutic agents such as toxins. Such 
toxins include, for example, abrin, ricin A, pseudomonas exotoxin, or diphtheria toxin. 

Techniques for conjugating such therapeutic moieties to proteins, and in 
particular to antibodies, are well known, see, e.g., Anion et aL, "Monoclonal Antibodies For 
Immunotargeting Of Drugs In Cancer Therapy", in Monoclonal Antibodies And Cancer 

10 Therapy, Reisfeld et aL (eds.), pp. 243-56 (Alan R. Liss, Inc., 1985); Hellstrom et aL, 
"Antibodies For Drug Delivery", in Controlled Drug Delivery (2nd ed.)» Robinson et aL 
(eds.), pp. 623-53 (Marcel Dekker, Inc., 1987); Thorpe, "Antibody Carriers Of Cytotoxic 
Agents In Cancer Therapy: A Review", in Monoclonal Antibodies *84: Biological And 
Clinical Applications, Pinchera et aL (eds.), pp. 475-506 (1985); "Analysis, Results, And 

1 5 Future Prospective Of The Therapeutic Use Of Radiolabeled Antibody In Cancer Therapy", 
in Monoclonal Antibodies For Cancer Detection And Therapy, Baldwin et aL (eds.), pp. 
303-16 (Academic Press 1985), and Thorpe et aL, 1982, Immunol. Rev. 62:1 19-58. 

Alternatively, an antibody of the invention can be conjugated to a second 
antibody to form an antibody heteroconjugate as described by Segal in U.S. Patent No. 

20 4,676,980, which is incorporated herein by reference in its entirety. 

As discussed above, in certain embodiments of the invention, a protein of the 
invention can be co-administered with a pro-drug converting enzyme. The pro-drug 
converting enzyme can be expressed as a fusion protein with or conjugated to a protein of 
the invention. Exemplary pro-drug converting enzymes are carboxypeptidase G2, beta- 

25 glucuronidase, penicillin-V-amidase, penicillin-G-amidase, ^-lactamase, P-glucosidase, 
nitroreductase and carboxypeptidase A. 

5.8 GENE THERAPY 
In a specific embodiment, nucleic acids of the invention are administered to 
30 treat, inhibit or prevent HD. Gene therapy refers to therapy performed by the administration 
to a subject of an expressed or expressible nucleic acid. In this embodiment of the 
invention, the nucleic acids produce their encoded protein that mediates a therapeutic effect. 

Any of the methods for gene therapy available in the art can be used 
according to the present invention. Exemplary methods are described below. 
35 For general reviews of the methods of gene therapy, see, Goldspiel et al , 

1993, Clinical Pharmacy 12:488-505; Wu and Wu, 1991, Biotherapy 3:87-95; Tolstoshev, 
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1993, Ann. Rev. Pharmacol. Toxicol. 22:573-596; Mulligan, 1993, Science 2S&926-932; 
Morgan and Anderson, 1993, Ann. Rev. Biochem. 62:191-217; May, 1993, TIBTECH 1, 
1(5):155-215. Methods commonly known in the art of recombinant DNA technology which 
can be used are described in Ausubel et al. (eds.), Current Protocols in Molecular Biology, 

5 John Wiley & Sons, NY (1993); and Kriegler, Gene Transfer and Expression, A Laboratory 
Manual, Stockton Press, NY (1990). 

In a preferred aspect, the therapeutic comprises nucleic acid sequences 
encoding an antibody, said nucleic acid sequences being part of expression vectors that 
express the antibody or fragments or chimeric proteins or heavy or light chains thereof in a 

1 0 suitable host In particular, such nucleic acid sequences have promoters operably linked to 
the antibody coding region, said promoter being inducible or constitutive, and, optionally, 
tissue- specific. In another particular embodiment, nucleic acid molecules are used in 
which the antibody coding sequences and any other desired sequences are flanked by 
regions that promote homologous recombination at a desired site in the genome, thus 

1 5 providing for intrachromosomal expression of the antibody encoding nucleic acids (Koller 
and Smithies, 1989, Proc. Natl. Acad. Sci. USA 86-8932-8935; Zijlstra et al, 1989, Nature 
242:435-438. In specific embodiments, the expressed antibody molecule is a single chain 
antibody; alternatively, the nucleic acid sequences include sequences encoding both the 
heavy and light chains, or fragments thereof, of the antibody. 

20 Delivery of the nucleic acids into a patient may be either direct, in which 

case the patient is directly exposed to the nucleic acid or nucleic acid- carrying vectors, or 
indirect, in which case, cells are first transformed with the nucleic acids in vitro, then 
transplanted into the patient. These two approaches are known, respectively, as in vivo or 
ex vivo gene therapy. 

25 In a specific embodiment, the nucleic acid sequences are directly 

administered in vivo, where it is expressed to produce the encoded product. This can be 
accomplished by any of numerous methods known in the art, for example by constructing 
them as part of an appropriate nucleic acid expression vector and administering the vector 
so that the nucleic acid sequence? become intracellular. Gene therapy vectors can be 

30 administered by infection using defective or attenuated retrovirals or other viral vectors 
(see, e.g., U.S. Patent No. 4,980,286); direct injection of naked DNA; use of microparticle 
bombardment (e.g., a gene gun; Biolistic, Dupont); coating with lipids or cell-surface 
receptors or transfecting agents; encapsulation in liposomes, microparticles, or 
microcapsules; administration in linkage to a peptide which is known to enter the nucleus; 

35 administration in linkage to a ligand subject to receptor-mediated endocytosis (see, e.g., Wu 
and Wu, 1987, J. Biol. Chem. 262:4429-4432) (which can be used to target cell types 
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specifically expressing the receptors); etc. In another embodiment, nucleic acid-ligand 
complexes can be formed in which the ligand comprises a fusogenic viral peptide to disrupt 
endosomes, allowing the nucleic acid to avoid lysosomal degradation. In yet another 
embodiment, the nucleic acid can be targeted in vivo for cell specific uptake and expression, 

5 by targeting a specific receptor {see, e.g., PCT Publications WO 92/06 180; WO 92/22635; 
W092/20316; W093/14188, and WO 93/20221). Alternatively, the nucleic acid can be 
introduced intracellularly and incorporated within host cell DNA for expression by 
homologous recombination (Koller and Smithies, 1989, Proc. Natl. Acad. Sci. USA 
86:8932-8935; Zijlstra et al, 1989, Nature 342:435-438). 

10 In a specific embodiment, viral vectors that contain nucleic acid sequences 

encoding an antibody of the invention are used. For example, a retroviral vector can be 
used (see Miller et al, 1993, Meth. Enzymol. 217:581-599). These retroviral vectors 
contain the components necessary for the correct packaging of the viral genome and 
integration into the host cell DNA. The nucleic acid sequences encoding the antibody to be 

1 5 used in gene therapy are cloned into one or more vectors, thereby facilitating delivery of the 
gene into a patient. More detail about retroviral vectors can be found in Boesen et al, 1994, 
Biotherapy 6:29 1-302, which describes the use of a retroviral vector to deliver the mdr 1 
gene to hematopoietic stem cells in order to make the stem cells more resistant to 
chemotherapy. Other references illustrating the use of retroviral vectors in gene therapy 

20 are: Clowes et al, 1994, J. Clin. Invest. 93:644-651; Klein et al, 1994, Blood 83:1467- 
1473; Salmons and Gunzberg, 1993, Human Gene Therapy 4:129-141; and Grossman and 
Wilson, 1993, Curr. Opin. in Genetics and Devel. 3:1 10-1 14. 

Another approach to gene therapy involves transferring a gene, e.g. an 
AC 10 or HeFi-1 gene, to cells in tissue culture by such methods as electroporation, 

25 lipofection, calcium phosphate mediated transfection, or viral infection. Usually, the 
method of transfer includes the transfer of a selectable marker to the cells. The cells are 
then placed under selection to isolate those cells that have taken up and are expressing the 
transferred gene. Those cells are then delivered to a patient. 

In this embodiment, the nucleic acid is introduced into a cell prior to 

30 administration in vivo of the resulting recombinant cell. Such introduction can be carried 
out by any method known in the art, including but not limited to transfection, 
electroporation, microinjection, infection with a viral or bacteriophage vector containing the 
nucleic acid sequences, cell fusion, chromosome-mediated gene transfer, microcell 
mediated gene transfer, spheroplast fusion, etc. Numerous techniques are known in the art 

35 for the introduction of foreign genes into cells (see, e.g. , Loeffler and Behr, 1993, Meth. 
Enzymol. 217:599-618; Cohen et al, 1993, Meth. Enzymol. 217:618-644; Cline, 1985, 
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Pharmac. Ther. 29:69-92) and may be used in accordance with the present invention, 
provided that the necessary developmental and physiological functions of the recipient cells 
are not disrupted. The technique should provide for the stable transfer of the nucleic acid to 
the cell, so that the nucleic acid is expressible by the cell and preferably heritable and 

5 expressible by its cell progeny. 

The resulting recombinant cells can be delivered to a patient by various 
methods known in the art. Recombinant blood cells (e.g. f hematopoietic stem or progenitor 
cells) are preferably administered intravenously. The amount of cells envisioned for use 
depends on the desired effect, patient state, etc., and can be determined by one skilled in the 

10 art. 

Cells into which a nucleic acid can be introduced for purposes of gene 
therapy encompass any desired, available cell type, and include but are not limited to 
fibroblasts; blood cells such as T lymphocytes, B lymphocytes, monocytes, macrophages, 
neutrophils, eosinophils, megakaryocytes, granulocytes; various stem or progenitor cells, in 
1 5 particular hematopoietic stem or progenitor cells, e.g., as obtained from bone marrow, 
umbilical cord blood, peripheral blood, fetal liver, etc. 

In a preferred embodiment, the cell used for gene therapy is autologous to 

the patient 

In an embodiment in which recombinant cells are used in gene therapy, 

20 nucleic acid sequences encoding an antibody are introduced into the cells such that they are 
expressible by the cells or their progeny, and the recombinant cells are then administered in 
vivo for therapeutic effect. In a specific embodiment, stem or progenitor cells are used. 
Any stem and/or progenitor cells which can be isolated and maintained in vitro can 
potentially be used in accordance with this embodiment of the present invention (see e.g. 

25 PCT Publication WO 94/08598; Stemple and Anderson, 1992, Cell 71 :973-985; Rheinwald, ; 
1980, Meth. Cell Bio. 21A:229; and Pittelkow and Scott, 1986, Mayo Clinic Proc. 61:771). 

In a specific embodiment, the nucleic acid to be introduced for purposes of 
gene therapy comprises an inducible promoter operably linked to the coding region, such 
that expression of the nucleic acid is controllable by controlling the presence or absence of 

30 the appropriate inducer of transcription. 

The compounds or pharmaceutical compositions of the invention are 
preferably tested in vitro, and then in vivo for the desired therapeutic or prophylactic 
activity, prior to use in humans. For example, in vitro assays to demonstrate the therapeutic 
or prophylactic utility of an protein or pharmaceutical composition include determining the 

35 effect of the protein or pharmaceutical composition on a Hodgkin's cell line or a tissue 
sample from a patient with Hodgkin's Disease. The cytotoxic and/or cytostatic effect of the 
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protein or composition on the Hodgkin's cell line and/or tissue sample can be determined 
utilizing techniques known to those of skill in the art. A preferred method, described in 
Section 6 infra, entails contacting a culture of the Hodgkin's Disease cell line grown at a 
density of approximately of about 5,000 cells in a 0.33 cm 2 of culture area for a period of 72 

5 hours with the protein or pharmaceutical composition, exposing the culture to 0.5 \xCi of 
3 H-thymidine during the final 8 hours of said 72 -hour period, and measuring the 
incorporation of 3 H-thymidine into cells of the culture. The protein or pharmaceutical 
composition has a cytostatic or cytotoxic effect on the Hodgkin's Disease cell line and is 
useful for the treatment or prevention of Hodgkin's Disease if the cells of the culture have 

10 reduced 3 H-thymidine incorporation compared to cells of the same Hodgkin's Disease cell 
line cultured under the same conditions but not contacted with the protein or pharmaceutical 
composition. Alternatively, in vitro assays which can be used to determine whether 
administration of a specific protein or pharmaceutical composition is indicated, include in 
vitro cell culture assays in which a tissue sample from a Hodgkin's Disease patient is grown 

15 in culture, and exposed to or otherwise a protein or pharmaceutical composition, and the 
effect of such compound upon the Hodgkin's tissue sample is observed. 

5.9 THERAPEUTIC/PROPHYLACTIC ADMINISTRATION AND 
COMPOSITIONS 

20 invention provides methods of treatment and prophylaxis by 

administration to a subject of an effective amount of a CD30-binding protein which has a 
cytotoxic or cytostatic effect on Hodgkin's Disease cells (i.e., a protein of the invention), a 
nucleic acid encoding said CD30-binding protein (z.e., a nucleic acid of the invention), or a 
pharmaceutical composition comprising a protein or nucleic acid of the invention 

25 (hereinafter, a pharmaceutical of the invention). According to the present invention, 
treatment of HD encompasses the treatment of patients already diagnosed as HD at any 
clinical stage; such treatment resulting in delaying tumor growth; and/or promoting tumor 
regression. 

In a preferred embodiment, the protein of the invention is the monoclonal 
3Q antibody AC10 or HeFi-1 or a fragment or derivative thereof. In a preferred aspect, a 

pharmaceutical of the invention comprises a substantially purified protein or nucleic acid of 
the invention (e.g., substantially free from substances that limit its effect or produce 
undesired side-effects). The subject is preferably an animal, including but not limited to 
animals such as cows, pigs, horses, chickens, cats, dogs, etc., and is preferably a mammal, 
and most preferably human. 
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Formulations and methods of administration that can be employed are 
described above; additional appropriate formulations and routes of administration can be 
selected from among those described herein below. 

Various delivery systems are known and can be used to administer a nucleic 

5 acid or protein of the invention, e.g., encapsulation in liposomes, microparticles, 

microcapsules, recombinant cells capable of expressing the compound, receptor-mediated 
endocytosis (see, e.g., Wu and Wu, 1987, J. Biol. Chem. 262:4429-4432), construction of a 
nucleic acid as part of a retroviral or other vector, etc. Methods of introduction include but 
are not limited to intradermal, intramuscular, intraperitoneal, intravenous, subcutaneous, 

10 intranasal, epidural, and oral routes. Nucleic acids and proteins of the invention may be 
administered by any convenient route, for example by infusion or bolus injection, by 
absorption through epithelial or mucocutaneous linings (e.g., oral mucosa, rectal and 
intestinal mucosa, etc.) and may be administered together with other biologically active 
agents such as chemotherapeutic agents (see Section). Administration can be systemic or 

15 local. 

In a specific embodiment, it may be desirable to administer the nucleic acid 
or protein of the invention by injection, by means of a catheter, by means of a suppository, 
or by means of an implant, said implant being of a porous, non-porous, or gelatinous 
material, including a membrane, such as a sialastic membrane, or a fiber. Preferably, when 

20 administering a protein, including an antibody, of the invention, care must be taken to use 
materials to which the protein does not absorb. 

In another embodiment, the compound or composition can be delivered in a 
vesicle, in particular a liposome (see Langer, 1990, Science 249 :1527-1533; Treat et ah, 
1989, in Liposomes in the Therapy of Infectious Disease and Cancer, Lopez-Berestein and 

25 Fidler (eds.), Liss, New York, pp. 353- 365; Lopez-Berestein, ibid., pp. 3 17-327; see 
generally, ibid.) 

In yet another embodiment, the compound or composition can be delivered 
in a controlled release system. In one embodiment, a pump may be used (see Langer, 
supra; Sefton, 1989, CRC Crit Ref. Biomed. Eng. 14:201; Buchwald et al, 1980, Surgery 

30 88:507; Saudek et ah, 1989, N. Engl. J. Med. 321:574). In another embodiment, polymeric 
materials can be used (see Medical Applications of Controlled Release, 1974, Langer and 
Wise (eds.), CRC Pres., Boca Raton, Florida; Controlled Drug Bioavailability, Drug 
Product Design and Performance, 1984, Smolen and Ball (eds.), Wiley, New York; Ranger 
and Peppas, 1983, Macromol Sci. Rev. Macromol. Chem. 23:61; see also Levy et ah, 1985, 

35 Science 228:190; During et al. 9 1989, Ann. Neurol. 25:351; Howard et ah, 1989, J. 
Neurosurg. 71:105). 
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Other controlled release systems are discussed in the review by Langer, 
1990, Science 249:1527-1533. 

In a specific embodiment where a nucleic acid of the invention is 
administered, the nucleic acid can be administered in vivo to promote expression of its 
5 encoded protein, by constructing it as part of an appropriate nucleic acid expression vector 
and administering it so that it becomes intracellular, e.g., by use of a retroviral vector (see 
U.S. Patent No. 4,980,286), or by direct injection, or by use of microparticle bombardment 
(e.g., a gene gun; Biolistic, Dupont), or coating with lipids or cell-surface receptors or 
transfecting agents, or by administering it in linkage to a homeobox- like peptide which is 
10 known to enter the nucleus (see e.g., Joliot et aL, 1991, Proc. Natl. Acad. Sci. USA 
88:1864-1868), etc. Alternatively, a nucleic acid can be introduced intracellular^ and 
incorporated within host cell DNA for expression, by homologous recombination. 

As alluded to above, the present invention also provides pharmaceutical 
compositions (pharmaceuticals of the invention). Such compositions comprise a 
1 5 therapeutically effective amount of a nucleic acid or protein of the invention, and a 

pharmaceutically acceptable carrier. In a specific embodiment, the term <f pharmaceutically 
acceptable" means approved by a regulatory agency of the Federal or a state government or 
listed in the U.S. Pharmacopeia or other generally recognized pharmacopeia for use in 
animals, and more particularly in humans. The term "carrier" refers to a diluent, adjuvant, 
20 excipient, or vehicle with which the therapeutic is administered. Such pharmaceutical 
carriers can be sterile liquids, such as water and oils, including those of petroleum, animal, 
vegetable or synthetic origin, such as peanut oil, soybean oil, mineral oil, sesame oil and the 
like. Water is a preferred carrier when the pharmaceutical composition is administered 
intravenously. Saline solutions and aqueous dextrose and glycerol solutions can also be 
25 employed as liquid carriers, particularly for injectable solutions. Suitable pharmaceutical 
excipients include starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica 
gel, sodium stearate, glycerol monostearate, talc, sodium chloride, dried skim milk, 
glycerol, propylene, glycol, water, ethanol and the like. The composition, if desired, can 
also contain minor amounts of wetting or emulsifying agents, or pH buffering agents. 
30 These compositions can take the form of solutions, suspensions, emulsion, tablets, pills, 
capsules, powders, sustained-release formulations and the like. The composition can be 
formulated as a suppository, with traditional binders and earners such as triglycerides. Oral 
formulation can include standard carriers such as pharmaceutical grades of mannitol, 
lactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, 
35 etc. Examples of suitable pharmaceutical carriers are described in "Remington's 
Pharmaceutical Sciences" by E.W. Martin. Such compositions will contain a 
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therapeutically effective amount of the nucleic acid or protein of the invention, preferably in 
purified form, together with a suitable amount of carrier so as to provide the form for proper 
administration to the patient. The formulation should suit the mode of administration. 

In a preferred embodiment, the pharmaceutical of the invention is formulated 

5 in accordance with routine procedures as a pharmaceutical composition adapted for 
intravenous administration to human beings. Typically, compositions for intravenous 
administration are solutions in sterile isotonic aqueous buffer. Where necessary, the 
pharmaceutical of the invention may also include a solubilizing agent and a local anesthetic 
such as lignocaine to ease pain at the site of the injection. Generally, the ingredients are 

10 supplied either separately or mixed together in unit dosage form, for example, as a dry 
lyophilized powder or water free concentrate in a hermetically sealed container such as an 
ampoule or sachette indicating the quantity of active agent. Where the pharmaceutical of 
the invention is to be administered by infusion, it can be dispensed with an infusion bottle 
containing sterile pharmaceutical grade water or saline. Where the pharmaceutical of the 

15 invention is administered by injection, an ampoule of sterile water for injection or saline can 
be provided so that the ingredients may be mixed prior to administration. 

The amount of the nucleic acid or protein of the invention which will be 
effective in the treatment or prevention of HD can be determined by standard clinical 
techniques. In addition, in vitro assays may optionally be employed to help identify optimal 

20 dosage ranges. The precise dose to be employed in the formulation will also depend on the 
route of administration, and the stage of HD, and should be decided according to the 
judgment of the practitioner and each patient's circumstances. Effective doses may be 
extrapolated from dose-response curves derived from in vitro or animal model test systems. 

25 5.10 KITS 

The invention also provides a pharmaceutical pack or kit comprising one or 
more containers filled with a nucleic acid or protein of the invention and optionally one or 
more pharmaceutical carriers. Optionally associated with such containers) can be a notice 
in the form prescribed by a governmental agency regulating the manufacture, use or sale of 

30 pharmaceuticals or biological products, which notice reflects approval by the agency of 
manufacture, use or sale for human administration. 

In one embodiment, a kit comprises a purified protein of the invention. In a 
preferred mode of the embodiment, the protein is an antibody. The protein may be 
conjugated to a radionuclide or chemotherapeutic agent. The kit optionally further 

35 comprises a pharmaceutical carrier. 
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In another embodiment, a kit of the invention comprises a nucleic acid of the 
invention, or a host cell comprising a nucleic acid of the invention, operably linked to a 
promoter for recombinant expression. 

5 5.11 EFFECTIVE DOSE 

Toxicity and therapeutic efficacy of the proteins of the invention can be 
determined by standard pharmaceutical procedures in cell cultures or experimental animals, 
e.g., for determining the LD 50 (the dose lethal to 50% of the population) and the ED S0 (the 
dose therapeutically effective in 50% of the population). The dose ratio between toxic and 

10 therapeutic effects is the therapeutic index and it can be expressed as the ratio LD 5( /ED 50 . 
Proteins that exhibit large therapeutic indices are preferred. While proteins that exhibit 
toxic side effects may be used, care should be taken to design a delivery system that targets 
such proteins to the site of affected tissue in order to minimize potential damage to 
uninfected cells and, thereby, reduce side effects. 

15 The data obtained from the cell culture assays and animal studies can be used 

in formulating a range of dosage for use in humans. The dosage of such proteins lies 
preferably within a range of circulating concentrations that include the ED 50 with little or no 
toxicity. The dosage may vary within this range depending upon the dosage form employed 
and the route of administration utilized. For any compound used in the method of the 

20 invention, the therapeutically effective dose can be estimated initially from cell culture 
assays. A dose may be formulated in animal models to achieve a circulating plasma 
concentration range that includes the IC 50 (i.e, the concentration of the test compound that 
achieves a half-maximal inhibition of symptoms) as determined in cell culture. Such 
information can be used to more accurately determine useful doses in humans. Levels in 

25 plasma may be measured, for example, by high performance liquid chromatography. 

Generally, the dosage of a protein of the invention in a pharmaceutical of the 
invention administered to a Hodgkin's Disease patient is typically 0.1 mg/kg to 100 mg/kg 
of the patient's body weight Preferably, the dosage administered to a patient is between 0.1 
mg/kg and 20 mg/kg of the patient's body weight, more preferably 1 mg/kg to 10 mg/kg of 

30 the patient's body weight. Generally, human antibodies have a longer half-life within the 
human body than antibodies from other species due to the immune response to the foreign 
proteins. Thus, lower dosages of humanized, chimeric pr human antibodies and less 
frequent administration is often possible. 

35 
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5,12 FORMULATIONS 

Pharmaceutical compositions for use in accordance with the present 
invention may be formulated in conventional manner using one or more physiologically 
5 acceptable carriers or excipients. 

Thus, the proteins and their physiologically acceptable salts and solvates 
may be formulated for administration by inhalation or insufflation (either through the mouth 
or the nose) or oral, buccal, parenteral or rectal administration. 

For oral administration, the pharmaceutical compositions may take the form 
1 0 of, for example, tablets or capsules prepared by conventional means with pharmaceutical^ 
acceptable excipients such as binding agents (e.g., pregeiatinised maize starch, 
polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g., lactose, 
raicrocrystalline cellulose or calcium hydrogen phosphate) lubricants (e.g, magnesium 
stearate, talc or silica); disintegrants (e.g., potato starch or sodium starch glycolate); or 
1 5 wetting agents (e.g. , sodium lauryl sulphate). The tablets may be coated by methods well 
known in the art. Liquid preparations for oral administration may take the form of, for 
example, solutions, syrups or suspensions, or they may be presented as a dry product for 
constitution with water or other suitable vehicles before use. Such liquid preparations may 
be prepared by conventional means with pharmaceutical^ acceptable additives such as 
20 suspending agents (e.g., sorbitol syrup, cellulose derivatives or hydrogenated edible fats); 
emulsifying agents (e.g., lecithin or acacia); non-aqueous vehicles (e.g., almond oil, oily 
esters, ethyl alcohol or fractionated vegetable oils); and preservatives (e.g., methyl or 
propyl-p-hydroxybenzoates or sorbic acid). The preparations may also contain buffer salts, 
flavoring, coloring and sweetening agents as appropriate. 
25 Preparations for oral administration may be suitably formulated to give 

controlled release of the active compound. 

For buccal administration the compositions may take the form of tablets or 
lozenges formulated in conventional manner. 

For administration by inhalation, the proteins for use according to the.present 
30 invention are conveniently delivered in the form of an aerosol spray presentation from 
pressurized packs or a nebulizer, with the use of a suitable propellant, e.g., 
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide 
or other suitable gas. In the case of a pressurized aerosol the dosage unit may be 
determined by providing a valve to deliver a metered amount. Capsules and cartridges of, 
35 e.g., gelatin for use in an inhaler or insufflator may be formulated containing a powder mix 
of the compound and a suitable powder base such as lactose or starch. 
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The proteins may be formulated for parenteral administration by injection, 
e.g., by bolus injection or continuous infusion. Formulations for injection may be presented 
in unit dosage form, e.g., in ampoules or in multidose containers, with an added 
preservative. The compositions may take such forms as suspensions, solutions or emulsions 

5 in oily or aqueous vehicles, and may contain formulatory agents such as suspending, 

stabilizing and/or dispersing agents. Alternatively, the active ingredient may be in powder 
form for constitution with a suitable vehicle, e.g., sterile pyrogen-free water, before use. 

The proteins may also be formulated in rectal compositions such as 
suppositories or retention enemas, e.g., containing conventional suppository bases such as 

1 0 cocoa butter or other glycerides. 

In addition to the formulations described previously, the proteins may also 
be formulated as a depot preparation. Such long acting formulations may be administered 
by implantation (for example subcutaneously or intramuscularly) or by intramuscular 
injection. Thus, for example, the proteins may be formulated with suitable polymeric or 

1 5 hydrophobic materials (for example as an emulsion in an acceptable oil) or ion exchange 
resins, or as sparingly soluble derivatives, for example, as a sparingly soluble salt. 

The compositions may, if desired, be presented in a pack or dispenser device 
that may contain one or more unit dosage forms containing the active ingredient. The pack 
may for example comprise metal or plastic foil, such as a blister pack. The pack or 

20 dispenser device may be accompanied by instructions for administration preferably for 
administration to a human. 



5.13 COMBINATION THERAPY FOR TREATMENT OF 
HODGKIN'S DISEASE 

The nucleic acids and proteins of the invention can be administered together 
with treatment with irradiation or one or more chemotherapeutic agents. 

For irradiation treatment, the irradiation can be gamma rays or X-rays. For a 
general overview of radiation therapy, see Hellman, Chapter 12: Principles of Radiation 
Therapy Cancer, in: Principles and Practice of Oncology, De Vita et aL, eds., 2nd. Ed., J.B. 
Lippencott Company, Philadelphia. 

Useful classes of chemotherapeutic agents include, but are not limited to, the 
following non-mutually exclusive classes of agents: alkylating agents, anthracyclines, 
antibiotics, antifolates, antimetabolites, antitubulin agents, auristatins, chemotherapy 
sensitizers, DNA minor groove binders, DNA replication inhibitors, duocarmycins, 
etoposides, fluorinated pyrimidines, lexitropsins, nitrosoureas, platinols, purine 
antimetabolites, puromycins, radiation sensitizers, steroids, taxanes, topoisomerase 
inhibitors, and vinca alkaloids. Individual chemotherapeutics encompassed by the 
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invention include but are not limited to an androgen, anthramycin (AMC), asparaginase, 5- 
azacytidine, azathioprine, bleomycin, busulfan, buthionine sulfoximine, camptothecin, 
carboplatin, carmustine (BSNU), CC-1065, chlorambucil, cisp latin, colchicine, 
cyclophosphamide, cytarabine, cytidine arabinoside, cytochalasin B, dacarbazine, 

5 dactinomycin (formerly actinomycin), daunorubicin, decarbazine, docetaxel, doxorubicin, 
an estrogen, 5-fluordeoxyuridine, 5-fluoro uracil, gramicidin D, hydroxyurea, idarubicin, 
ifosfamide, irinotecan, lomustine (CCNU), mechlorethamine, melphalan, 6-mercaptopurine, 
methotrexate, mithramycin, mitomycin C, mitoxantrone, nitroimidazole, paclitaxel, 
plicamycin, procarbizine, streptozotocin, tenoposide, 6-thioguanine, thioTEPA, topotecan, 

10 vinblastine, vincristine, vinorelbine, VP-16 and VM-26. 

In a specific embodiment, a nucleic acid or protein of the invention is 
administered concurrently with radiation therapy or one or more chemotherapeutic agents. 
In another specific embodiment, chemotherapy or radiation therapy is administered prior or 
subsequent to administration of a nucleic acid or protein of the invention, by at least an hour 

15 and up to several months, for example at least an hour, five hours, 12 hours, a day, a week, 
a month, or three months, prior or subsequent to administration of a nucleic acid or protein 
of the invention. 

In a specific embodiment in which a protein of the invention is conjugated to 
a pro-drug converting enzyme, or in which a nucleic acid of the invention encodes a fusion 

20 protein comprising a pro-drug converting enzyme, the protein or nucleic acid is 

administered with a pro-drug. Administration of the pro-drug can be concurrent with 
administration of the nucleic acid or protein of the invention, or, more preferably, follows 
the administration of the nucleic acid or protein of the invention by at least an hour to up to 
one week, for example about five hours, 12 hours, or a day. Depending on the pro-drug 

25 converting enzyme administered, the pro-drug can be a benzoic acid mustard, an aniline 
mustard, a phenol mustard, p-hydroxyaniline mustard-glucuronide, epirubicin-glucuronide, 
adriamycin-N phenoxyaceryl, N-(4'-hydroxyphenyl acetyl)-palytoxin doxorubicin, 
melphalan, nitrogen mustard-cephalosporin, p-phenylenediamine, vinblastine derivative- 
cephalosporin, cephalosporin mustard, cyanophenylmethyl-p-D-gluco-pyranosiduronic 

30 acid, 5-(adaridin-l-yl-)2, 4-dinitrobenzamide, or methotrexate-alanine. 

The present invention is not to be limited in scope by the specific 
embodiments described herein. Indeed, various modifications of the invention in addition 
to those described herein will become apparent to those skilled in the art from the foregoing 
description and accompanying figures. Such modifications are intended to fall within the 

35 scope of the appended claims. 

The invention is further described in the following examples which are in no 
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way intended to limit the scope of the invention. 



6. EXAMPLE: ANTI-CD30 MONOCLONAL ANTIBODIES 
AC10 AND HeFi-1 INHIBIT THE GROWTH OF CD30- 
EXPRESSING HODGKIN'S DISEASE CELL LINES 

5 6.1 MATERIALS AND METHODS 

Cells and culture conditions: The CD30 expressing cell lines, L540, 
HDLM2, L428, KM-H2 and Karpas 299. were obtained from the German Collection of 
Microorganisms and Cell Cultures/DSMZ in Braunschweig, Germany. The Hodgkin's cell 
line L540cy was a provided by Dr. V. Diehl of the University of Cologne, Cologne, 

10 Germany. The cell lines were maintained in the recommended media formulations and 
subcultured every 3-4 days. 

Reagents and antibodies: Anti-CD30 monoclonal antibody hybridoma line 
AGIO was described by Bowen et ah (Bowen et al. 9 1993, J. Immunol. 151:5896-5906). 
Purified antibody was isolated from serum-free supematants using a protein-G 

1 5 immunoaffinity column. The resulting AC1 0 antibody was determined to be > 97% 

monomeric by size exclusion chromatography. The monoclonal antibody HeFi-1 has been 
previously described and was provided by Dr. T. Hecht, NCI, Bethesda, MD. HeFi-1 mAb 
was demonstrated by size exclusion chromatography to be greater than 98% monomer. 

Proliferation assays: CD30 expressing cell lines were cultured in flat-bottom 

20 96- well plates at a density of 50,000 or 5,000 cells/well in growth media (RPMI withl 0% 
fetal bovine serum (FBS) for cell lines L428, KM-H2 and Karpas 299, and RPMI/20%FBS 
for cell lines HDLM-2 and L540. The cell lines were cultured in the absence or presence of 
cross-linked soluble anti-CD30 mAbs or immobilized anti-CD30 mAbs, as described 
below. 

25 Antibody cross-linking in solution: To cross-link the anti-CD30 antibodies in 

solution, various dilutions of AC10 or HeFi- 1 were titrated into 96-well flat bottom tissue 
culture plates in the absence or presence of 20 ng/ml polyclonal goat anti-mouse IgG 
antibodies. Hodgkin's disease cell lines were then added to the plates at either 50,000 or 
5,000 cells/well. The plates were incubated at 37 °C for 72 hours and were labeled with 3 H- 

30 thymidine, 1 nCi/well, for the final 5 hours. 

Antibody immobilization: Antibody immobilization was obtained by coating 
wells with antibody in 50 mmol/L Tris buffer (pH 8.5) for 1 8 hours at 4°C. Prior to the 
addition of cells, wells were washed twice with PBS to remove unbound mAb. 50,000 or 
5,000 cells in a total volume of 200 nl were added to each well. Proliferation was 

35 determined by uptake of 3 H-thymidine (0.5 nCi/well) during the final 8 hours of a 72 hour 
culture period. 
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6.2 RESULTS 

To evaluate the biologic activity of anti-CD30 mAbs, CD30-expressing HD 
cell lines (50,000 cells/well) were cultured in the presence of immobilized anti-CD30 mAb 
5 AC 1 0. mAb AC1 0 demonstrated inhibition of cell growth of T-cell-like (L540 and HDLM- 
2) or B-cell-like (L428 and KM-H2) HD lines (FIG. 1). KM, which was previously shown 
to have no effect on HD cell lines (Gruss et al, 1996, Blood 83:2045-2056), was used as a 
control. 

To further evaluate the activity of AC10, a second series of assays were 
10 performed. In order to assess the activity of the AC 10 during a period of logarithmic tumor 
cell growth, the cell density of the cultures was decreased to provide more optimal growth 
conditions. To that end, HD cell lines were cultured in flat-bottom 96 well plates at a 
density of 5,000 cells/well in the presence or absence of mAb AC10. AC10 demonstrated 
growth inhibition of all four HD cell lines tested (L540, HDLM-2, L428 and KM-H2; FIG. 
15 2). 

In another set of experiments, HD cell lines were incubated with soluble 
AC 10 or HeFi-1 that were cross-linked in solution by the addition of soluble goat anti- 
mouse IgG antibodies. Under these cross-liking conditions, all four HD cell lines, when 
plated at 5xl0 4 cell/well, were growth inhibited by AC 10 and HeFi-1 (FIG. 3). When the 
20 cells were plated at 5x10 s cell/well, all four HD cell lines were growth inhibited by AC1 0, 
while three of the four cell lines, HDLM-2, L540, and L428, were growth inhibited by 
HeFi-1 (FIG. 4). 

The data resulting from the experiments testing the effects of AC 10 and 
HeFi-1 on CD30-expressing tumor cell lines are summarized in Table 2, infra. Table 2 
25 further provides a comparison of the anti-tumor activity of AC 10 and HeFi-1 with that of 
mAb M44. 
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| L540 HD (T cell phenotype) 




+ 


+ 1 


* Published data from Gruss et al, Blood 83( 


S):2045-2056 



Table 2. Cytostatic and/or cytotoxic activity of signaling anti-CD30 mAbs on CD30- 
5 expressing malignant cell lines 



Taken together, these data indicate that mAbs AC 10 and HeFi-1 are 
distinguished from the previously described anti-CD30 mAbs by their ability to inhibit the 
growth of CD30-expressing HD lines. It is of interest to note that Hubinger et al recently 
10 evaluated the activity of the anti-CD30 mAb M44, in immobilized form, in a proliferation 
assay utilizing 5,000 cells/well. Under these conditions, M44 inhibited the growth of the 
CD30-expressing ALCL line, Karpas 299 but not the HD cell line HDLM-2 (Hubinger et 
aU 1999, Exp. Hematol. 27(1 2): 1796-805). 

! I 7. AC1 0 ENHANCES THE CYTOTOXIC EFFECT OF 

„S riTFAf OT HERAPEUTICS ON HODGKIN'S DISEASE CELL LINES 

7.1 MATERIALS AND METHODS 

L428 cells were cultured for 24 hours in the presence or absence of 0.1 
20 Hg/ml anti-CD30 antibody, AC10, crosslinked by the addition of 20 ng/ml goat anti-mouse 
IgG antibodies. After the 24-hour culture period, the cells were harvested and washed with 
£d phosphate buffered saline (PBS). The cells were then plated into 96-well flat-bottom tissue 

culture plates at SxlO 3 cells/well and mixed with various dilutions of chemotherapeutic 
drugs. After a 1-hour exposure to the drugs the cells were washed twice, followed by the 
25 addition of fresh culture media. The plates were then incubated at 37 °C for 72 hours 

followed by a 4-hour incubation with 0.5 nCi/well 3 H-thymidine. The inhibition of growth 
was determined by comparing the amount of 3 H-thymidine incorporated into treated cells to 
the amount incorporated into untreated control cells. 
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30 7.2 RESULTS 

To evaluate the effect of the anti-CD30 mAb in combination with 
chemotherapeutic drugs, L428 cells were incubated for 24 hours in either the absence of 
antibody or the presence of AC 10 at 0.1 *ig/ml with 20 [lg/ml goat anti-mouse IgG to 
provide crosslinking for the primary antibody. After this incubation the cells were plated 

35 into 96-well tissue culture plates at 5x 1 0 3 cells/well in the presence of dilutions of 
chemotherapeutic drugs including doxorubicin, cisplatin, and etoposide (Table 3). The 
EC J0 , concentration of drug needed to inhibit the incorporation of 3 H-thymidine by 50% 
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compared to untreated control cells, was then determined for cells treated with the drugs 
alone or the combinations of drug and antibody. For doxorubicin, incubation with AC 10 
decreased the EC 50 on L428 cells decreased the amount of drug necessary to inhibit 
50% of DNA synthesis) from approximately 45 nM (doxorubicin alone) to approximately 
9nM, for cisplatin AC10 decreased the EC 50 from -1,500 nM to -500 nM, and for etoposide 
AC 10 decreased the EC 50 from -1,500 nM to -600 nM. 



25 



35 



EC 50 , nM 



10 



Drug 


with AC10 


without AC10 


Doxorubicin 


45 


9 


Cisplatin 


1,500 


500 


Etoposide 


1,500 


600 



15 Table 3: AC 10 enhances the effectiveness of chemotherapeutic drugs on the HD cell line 
L428. 

8. ANTITUMOR ACTIVITY OF AC10 AND HeFi-1 IN 
DISSEMINATED AND LOCALIZED (SUBCUTANEOUS) 
L540CY HODGKIN'S DISEASE XENOGRAFTS 



20 



30 



8,1 MATERIALS AND METHODS 

Human tumor xenograft models: Female C.B-17 SCID mice, obtained from 
Taconic (Germantown, NY) at 4-6 weeks of age, were used for all efficacy studies. To 
establish xenograft models of Hodgkin's disease, L540cy (HD) cells were harvested from 
cell culture, washed in ice cold phosphate buffered saline (PBS), resuspended in PBS, and 
maintained on ice until implantation. For disseminated disease models, mice were injected 
intravenously through the tail vein with 10 7 L540cy cells. Solid tumor xenografts were 
established by injecting mice subcutaneously (s.c.) with 2 x 10 7 L540cy cells. For 
therapeutic evaluation the indicated treatment doses and schedules were used. 

Administration ofACIO and HeFi-1 : Disseminated L540cy tumor bearing 
mice received 1 0 7 cells through the tail vein on dO followed by therapy initiated on dl . 
Treated mice received i.p. injections of either AC10 or HeFi-1 every two days for a total of 
10 injections, q2dxl0, at 1 mg/kg/injection. 

For the subcutaneous L540cy model, mice were injected s.c. with 2 x 10 7 
cells and were observed daily for solid tumor formation. When tumors were palpable, the 
animals were randomly distributed into groups and received either AC 10 or HeFi-1 q2dx!0 
at 2 mg/kg/injection. 
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8.2 RS SWTS 

AC1 0 and HeFi-1 were tested in L540cy Hodgkin's disease xenografted 
SCID mice, as described above. In the mouse population with disseminated L540cy 
tumors, all of the untreated control animals developed signs of severe disseminated disease 
5 such as hind limb paralysis or the formation of a solid tumor mass and had to be sacrificed 
(mean survival time = 37 days). In contrast, all of the mice that received either AC 10 or 
HeFi-1 survived for > 46 days with no signs of disease (FIG. 5 A). 

With respect to the mouse population with subcutaneous L540cy tumors, 
while the untreated control tumors rapidly grew to > 450 mm 3 , both mAbs significantly 
10 delayed tumor growth as shown in FIG. 5B. 

The inventors have identified murine monoclonal antibodies (mAbs) which 
target the human CD30 receptor and display a profile of activity not previously described 
for other anti-CD30 mAbs. In unmodified form, these antibodies, AC10 and HeFi-1 inhibit 
the growth of HD and the ALCL line Karpas 299 and display in vivo antitumor activity in a 
15 tumor xenograft model of Hodgkin's disease. 



9. ANTITUMOR ACTIVITY OF CHIMERIC AC10 IN SUBCUTANEOUS 
L540CY HODGKIN'S DISEASE XENOGRAFTS 

9.1 MATERIALS AND METHODS 

Chimeric AC 10 (cAC 10) was generated via homologous recombination 
essentially as previously described using human IgGl-kappa heavy and light chain 
conversion vectors (Yarnold and Fell, 1994, Cancer Res. 54: 506-512). These vectors were 
designed such that the murine immunoglobulin heavy and light chain constant region loci 
are excised and replaced by the human gamma 1 and kappa constant region loci via 
homologous recombination. The resulting chimeric hybridoma cell line expresses a 
chimeric antibody consisting of the heavy and light chain variable regions of the original 
monoclonal antibody and the human gamma 1 and kappa constant regions. 



9.2 RESULTS 

To evaluate the efficacy of cACIO in vivo, SCID mice were implanted 
subcutaneously with L540cy cells as described above. When the tumors reached an average 
size of greater than 150 mm 3 the mice were divided into groups that were either untreated or 
treated with 2 mg/kg cAC 10 twice per week for a total of five injections. The tumors in the 
untreated mice rapidly grew to an average size of greater than 600 mm 3 (FIG. 6). In 
contrast, the average tumor size in the animals treated with cACIO remained about the same 
size. 
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10. SPECIFIC EMBODIMENTS. CITATION OF REFERENCES 
The present invention is not to be limited in scope by the specific 
embodiments described herein. Indeed, various modifications of the invention in addition 
to those described herein will become apparent to those skilled in the art from the foregoing 
5 description and accompanying figures. Such modifications are intended to fall within the 
scope of the appended claims. 

Various references, including patent applications, patents, and scientific 
publications, are cited herein, the disclosures of which are incorporated herein by reference 
in their entireties. 
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WHAT IS CLAIMED IS; 



1 . A method for the treatment or prevention of Hodgkin's Disease in a subject 
comprising administering to the subject, in an amount effective for said treatment or 

5 prevention, (a) an antibody that (i) immunospecifically binds CD30 and (ii) exerts a 
cytostatic or cytotoxic effect on a Hodgkin's Disease cell line; and (b) a pharmaceutical^ 
acceptable carrier. 

2. The method of claim 1, wherein the antibody is human, humanized or 
10 chimeric. 

3. The method of claim 1, further comprising administering chemotherapy to 
said subject. 

1 5 4. The method of claim 1 , wherein the antibody is conjugated to a cytotoxic 

agent 

5. The method of claim 1, wherein the antibody is a fusion protein comprising 
the amino acid sequence of a second protein that is not an antibody. 

20 

6. The method of claim 4 or 5, further comprising administering chemotherapy 
to said subject. 

7. The method of claim 1, wherein the cytostatic or cytotoxic effect is 
25 determined by: 

(a) contacting a culture of the Hodgkin's Disease cell line with the 
antibody, said culture being of about 5,000 cells in a culture area of about 0.33 cm 2 , said 
contacting being for a period of 72 hours; 

(b) exposing the culture to 0.5 nCi of 3 H-thymidine during the final 8 
30 hours of said 72-hour period; and 

(c) measuring the incorporation of 3 H-thymidine into cells of the culture, 
wherein the antibody has a cytostatic or cytotoxic effect on the Hodgkin's Disease 

cell line if the cells of the culture have reduced 3 H-thymidine incorporation compared to 
cells of the same Hodgkiris Disease cell line cultured under the same conditions but not 
35 contacted with the antibody. 
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8. A method for the treatment or prevention of Hodgkin's Disease in a subject 
comprising administering to the subject an amount of a protein, which protein (a) competes 
for binding to CD30 with monoclonal antibody AC10 or HeFi-1, and (b) exerts a cytostatic 
or cytotoxic effect on a Hodgkin's Disease cell line, which amount is effective for the 

5 treatment or prevention of Hodgkin's Disease. 

9. A method for the treatment or prevention of Hodgkin's Disease in a subject 
comprising administering to the subject an amount of a protein, which protein (a) comprises 
SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ED NO:12, SEQ ID NO:14 or SEQ ID 

10 NO: 16, and (b) immunospecifically binds CD30, which amount is effective for the 
treatment or prevention of Hodgjcm's Disease. 

10. A method for the treatment or prevention of Hodgkin's Disease in a subject 
comprising administering to the subject an amount of a protein, which protein (a) comprises 

15 SEQ ID NO:20, SEQ ID NO:22, SEQ ID NO:24, SEQ ID NO:28, SEQ ID NO:30 or SEQ 
ID NO:32, and (b) immunospecifically binds CD30, which amount is effective for the 
treatment or prevention of Hodgkin's Disease. 

11. A method for the treatment or prevention of Hodgkin's Disease in a subject 
20 comprising administering to the subject an amount of a protein, which protein (a) comprises 

an amino acid sequence that has at least 95% identity to SEQ ID NO:2 or SEQ ID NO:10, 
and (b) immunospecifically binds CD30, which amount is effective for the treatment or 
prevention of Hodgkin's Disease. 

25 12. A method for the treatment or prevention of Hodgkin's Disease in a subject 

comprising administering to the subject an amount of a protein, which protein (a) comprises 
an amino acid sequence that has at least 95% identity to SEQ ID NO:l 8 or SEQ ID NO:26, 
and (b) immunospecifically binds CD30, which amount is effective for the treatment or 
prevention of Hodgkin's Disease. 

30 

13. The method of any one of claims 8-12, wherein the protein is a human, 
humanized or chimeric antibody. 

14. The method of any one of claims 8-12, further comprising administering 
35 chemotherapy to said subject. 
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15. The method of any one of claims 8-12, wherein the protein is conjugated to 
a cytotoxic agent. 

16. The method of any one of claims 8-12, wherein the protein is a fusion 
5 protein comprising the amino acid sequence of a second protein. 

17. The method of claim 1 5, further comprising administering chemotherapy to 
the subject. 

10 18. The method of claim 1 6, further comprising administering chemotherapy to 

the subject. 

1 9. The method of any one of claims 8-12, wherein the cytostatic or cytotoxic 
effect is determined by: 

1 5 (a) contacting a culture of the Hodgkin's Disease cell line with the 

protein, said culture being of about 5,000 cells in a culture area of about 0.33 cm 2 , said 
contacting being for a period of 72 hours; 

(b) exposing the culture to 0.5 \id of 3 H-thymidine during the final 8 
hours of said 72-hour period; and 

20 (c) measuring the incorporation of 3 H-thymidine into cells of the culture, 

wherein the protein has a cytostatic or cytotoxic effect on the Hodgkin's Disease cell 
line if the cells of the culture have reduced 3 H-thymidine incorporation compared to cells of 
the same Hodgkin's Disease cell line cultured under the same conditions but not contacted 
with the protein. 

25 

20. A pharmaceutical composition comprising: 

(a) an antibody that (i) immunospecifically binds CD30, (ii) exerts a 
cytostatic or cytotoxic effect on a Hodgkin's Disease cell line, and (iii) is not monoclonal 
antibody AC 10 or HeFi-1 and does not result from cleavage of AC 10 or HeFi-1 with papain 

30 or pepsin, in an amount effective for the treatment or prevention of Hodgkin's Disease; and 

(b) a pharmaceutically acceptable carrier. 

2 1 . The method of claim 20, wherein the antibody is human, humanized or 
chimeric. 

35 

22. The method of claim 20, wherein the antibody is conjugated to a cytotoxic 



agent. 

23. The method of claim 20, wherein the antibody is a fusion protein 
comprising the.amino acid sequence of a second protein that is not an antibody. 

24 . The method of claim 20, wherein the cytostatic or cytotoxic effect is 
determined by: 

(a) contacting a culture of the Hodgkin's Disease cell line with the 
antibody, said culture being of about 5,000 cells in a culture area of about 0.33 cm 2 , said 

10 contacting being for a period of 72 hours; 

(b) exposing the culture to 0.5 uCi of 3 H-thymidine during the final 8 

hours of said 72-hour period; and 

(c) measuring the incorporation of 3 H-thymidine into cells of the culture, 
wherein the antibody has a cytostatic or cytotoxic effect on the Hodgkin's Disease 

15 cell line if the cells of the culture have reduced 3 H-thymidine incorporation compared to 
cells of the same Hodgkin's Disease cell line cultured under the same conditions but not 
contacted with the antibody. 

25 . A pharmaceutical composition comprising: 

20 (a) a protein, which protein (i) competes for binding to CD30 with 

monoclonal antibody AC10 or HeFi-1, (ii) exerts a cytostatic or cytotoxic effect on a 
Hodgkin's Disease cell line, and (iii) is not monoclonal antibody AC10 or HeFi-1 and does 
not result from cleavage of AC10 or HeFi-1 with papain or pepsin, in an amount effective 
for the treatment or prevention of Hodgkin's Disease; and 
2 5 (b) a pharmaceutically acceptable carrier. 

26. A pharmaceutical composition comprising: 

(a) a protein comprising SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, 
SEQ ID NO:12, SEQ ID NO:14 or SEQ ID NO:16, which protein (i) immunospecifically 

30 binds CD30, and (ii) is not monoclonal antibody AC10 and does not result from cleavage of 
AC10 with papain or pepsin, in an amount effective for the treatment or prevention of 

Hodgkin's Disease; and 

(b) a pharmaceutically acceptable carrier. 

35 27. A pharmaceutical composition comprising: 

(a) a protein comprising SEQ ID NO:20, SEQ ID NO:22, SEQ ID 
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NO:24, SEQ ID NO:28, SEQ ID NO:30 or SEQ ID NO:32, which protein (i) 
inununospecifically binds CD30, and (ii) is not monoclonal antibody HeFi-1 and does not 
result from cleavage of HeFi-1 with papain or pepsin, in an amount effective for the 
treatment or prevention of Hodgkin's Disease; and 
5 (b) a pharmaceutical^ acceptable carrier. 

28. A pharmaceutical composition comprising: 

(a) a protein comprising an amino acid sequence that has at least 95% 
identity to SEQ ID NO:2 or SEQ ID NO: 10, which protein (i) inununospecifically binds 

10 CD30; and (ii) is not monoclonal antibody AC 10 and does not result from cleavage of 
AC 10 with papain or pepsin, in an amount effective for the treatment or prevention of 
Hodgkin's Disease; and 

(b) a pharmaceutically acceptable carrier. 

\ 5 29. A pharmaceutical composition comprising: 

(a) a protein comprising an amino acid sequence that has at least 95% 
identity to SEQ ID NO: 18 or SEQ ID NO:26, which protein (i) inununospecifically binds 
CD30; and (ii) is not monoclonal antibody HeFi-1 and does not result from cleavage of 
HeFi-1 with papain or pepsin, in an amount effective for the treatment or prevention of 

20 Hodgkin's Disease; and 

(b) a pharmaceutically acceptable carrier. 

30. The method of any one of claims 25-29, wherein the protein is a human, 
humanized or chimeric antibody. 

25 

3 1 . The pharmaceutical composition of any one of claims 25-29, in which the 
protein is conjugated to a cytotoxic agent. 

32. The pharmaceutical composition of any one of claims 25-29, in which the 
30 protein is a fusion protein comprising the amino acid sequence of a second protein that is 

not an antibody. 

33. The pharmaceutical composition of any one of claims 25-29, wherein the 
cytostatic or cytotoxic effect is determined by: 

35 (a) contacting a culture of the Hodgkin's Disease cell line with the 

protein, said culture being of about 5,000 cells in a culture area of about 0.33 cm 2 , said 
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contacting being for a period of 72 hours; 

(b) exposing the culture to 0.5 ^Ci of 3 H-thymidine during the final 8 
hours of said 72-hour period; and 

(c) measuring the incorporation of 3 H-thymidine into cells of the culture, 
5 wherein the protein has a cytostatic or cytotoxic effect on the Hodgkin's Disease cell 

line if the cells of the culture have reduced 3 H-thymidine incorporation compared to cells of 
the same Hodgkin's Disease cell line cultured under the same conditions but not contacted 
with the protein. 

10 34. An isolated nucleic acid comprising a nucleotide sequence encoding a 

protein, which protein (a) competes for binding to CD30 with monoclonal antibody AC10 
or HeFi-1, and (b) exerts a cytostatic or cytotoxic effect on a Hodgkin's Disease cell. 

35. The isolated nucleic acid of claim 34, wherein the cytostatic or cytotoxic 

1 5 effect is determined by: 

(a) contacting a culture of the Hodgkin's Disease cell line with the 
protein, said culture being of about 5,000 cells in a culture area of about 0.33 cm 2 , said 
contacting being for a period of 72 hours; 

(b) exposing the culture to 0.5 ^Ci of 3 H-thymidine during the final 8 
20 hours of said 72-hour period; and 

(c) measuring the incorporation of 3 H-thymidine into cells of the culture, 
wherein the protein has a cytostatic or cytotoxic effect on the Hodgkin's Disease cell 

line if the cells of the culture have reduced 3 H-thymidine incorporation compared to cells of 
the same Hodgkin's Disease cell line cultured under the same conditions but not contacted 
25 with the protein. 

36. The isolated nucleic acid of claim 35, wherein the protein is not 
immobilized. 

30 37. The isolated nucleic acid of claim 35, wherein the Hodgkin's Disease cell 

line is L428, L450, HDLM2 or KM-H2. 

38. An isolated nucleic acid comprising one but not both of SEQ ID NO: 1 and 
SEQ ID NO:17, one but not both of SEQ ID NO:3 and SEQ ID NO:19, one but not both of 
35 SEQ ID NO:5 and SEQ ID NO:21, one but not both of SEQ ID NO:7 and SEQ ID NO:23, 
one but not both of SEQ ID NO:9 and SEQ ID NO:25, one but not both of SEQ ID NO: 1 1 
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and SEQ ID NO:27, one but not both of SEQ ID NO: 13 and SEQ ID NO:29, or one but not 
both of SEQ ID NO: 1 5 and SEQ ID NO:3 1 . 

39. An isolated nucleic acid comprising SEQ ID NO: 1, SEQ ID NO:3, SEQ ID 

5 NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ 
ID NO: 17, SEQ ID NO: 19, SEQ ID NO:21, SEQ ID NO:23, SEQ ID NO:25, SEQ ID 
NO:27, SEQ ID NO:29 or SEQ ID NO:31. 

40. An isolated nucleic acid comprising a nucleotide sequence encoding a 

1 o protein which comprises one but not both of SEQ ID NO:2 and SEQ ID NO: 1 8, one but not 
both of SEQ ID NO:4 and SEQ ID NO:20, one but not both of SEQ ID NO:6 and SEQ ID 
NO:22, one but not both of SEQ ID NO:8 and SEQ ID NO:24, one but not both of SEQ ID 
NO:10 and SEQ ID NO:26, one but not both of SEQ ID NO:12 and SEQ ID NO:28> one but 
not both of SEQ ID NO: 14 and SEQ ID NO:30, or one but not both of SEQ ID NO: 16 and 

15 SEQIDNO:32. 

41. An isolated nucleic acid comprising a nucleotide sequence encoding a 
protein which comprises SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ 
ID NO: 10, SEQ ID NO:12, SEQ ID NO:14, SEQ ID NO:16, SEQ ID NO:18, SEQ ID 

20 NO:20, SEQ ED NO:22, SEQ ID NO:24, SEQ ID NO:26, SEQ ID NO:28, SEQ ID NO:30 
or SEQIDNO:32. 

42. The isolated nucleic acid of claim 40 or 41, wherein the protein is an 
antibody. 

25 

43. The isolated nucleic acid of claim 42 comprising a nucleotide sequence 
encoding an antibody comprising (a) a variable domain of monoclonal antibody AC 10, and 
(b) a human constant region. 

30 44. The isolated nucleic acid of claim 42 comprising a nucleotide sequence 

encoding a protein comprising (a) the complementarity determining regions of a variable 
domain of monoclonal antibody AC 10, and (b) human framework regions. 

45. The isolated nucleic acid of claim 42 comprising a nucleotide sequence 
35 encoding an antibody comprising (a) a variable domain of monoclonal antibody HeFi-1, and 
(b) a human constant region. 
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46. The isolated nucleic acid of claim 42 comprising a nucleotide sequence 
encoding a protein comprising (a) the complementarity determining regions of a variable 
domain of monoclonal antibody HeFi-1, and (b) human framework regions. 

5 

47. An isolated nucleic acid comprising a nucleotide sequence encoding a 
protein comprising an amino acid sequence that has at least 95% identity to SEQ ID NO:2 
orSEQIDNO:10. 

10 48. An isolated nucleic acid comprising a nucleotide sequence encoding a 

protein comprising an amino acid sequence that has at least 95% identity to SEQ ID NO: 18 
or SEQ ID NO:26. 

49. An isolated nucleic acid which hybridizes to the reverse complement of a 
1 5 DNA consisting of a coding DNA sequence encoding a protein consisting of an amino acid 
sequence selected from the group consisting of SEQ ID NO:2 and SEQ ID NO:10, under 
highly stringent conditions, which isolated nucleic acid encodes a protein that 
immunospecifically binds CD30. 

20 50. An isolated nucleic acid which hybridizes to the reverse complement of a 

DNA consisting of a coding DNA sequence encoding a protein consisting of an amino acid 
sequence selected from the group consisting of SEQ ED NO: 18 and SEQ ID NO:26, under 
highly stringent conditions, which isolated nucleic acid encodes a protein that competes for 
binding to CD30 with monoclonal antibody AC 10 or HeFi-1 and exerts a cytostatic or 

25 cytotoxic effect on a Hodgkin's Disease cell line. 

51. A recombinant cell containing a recombinant nucleic acid vector comprising 
a nucleotide sequence encoding a protein, which protein competes for binding to CD30 with 
monoclonal antibody AC 10 or HeFi-1 and exerts a cytostatic or cytotoxic effect on a 

30 Hodglrin's Disease cell line. 

52. A recombinant cell containing a recombinant nucleic acid vector comprising 
SEQ ID NO:l t SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ ID 
NO:l 1, SEQ ID NO:l3, SEQ ID NO:15, SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:21, 

35 SEQ ID NO:23, SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:29 or SEQ ID NO:31. 
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Abstract of the Disclosure 

The present invention relates to methods and compositions for the treatment 
of Hodgkin's Disease, comprising administering proteins characterized by their ability to 
bind to CD30, or compete with monoclonal antibodies AC 10 or HeFi-1 for binding to 

5 CD30, and exert a cytostatic or cytotoxic effect on Hodgkin's Disease cells. Such proteins 
include derivatives of monoclonal antibodies AC10 and HeFi-1. The proteins of the 
invention can be human, humanized, or chimeric antibodies; further, they can be conjugated 
to cytotoxic agents such as chemotherapeutic drugs. The invention further relates to nucleic 
acids encoding the proteins of the invention. The invention yet further relates to a method 

10 for identifying an anti-CD30 antibody useful for the treatment or prevention of Hodgkin's 
Disease. 
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Phe Ala 
105 


Tyr 


Trp 


Gly 


Gin 


Gly Thr Gin 
110 


Val 


Thr 


Val 
115 


Ser 


Ala 



















<210> 3 

<211> 15 

<212> DNA 

<213> Mus mus cuius 



<400> 3 
gactactata taacc 



<210> 4 

<211> 5 

<212> PRT 

<213> Mus musculus 



<400> 4 
Asp Tyr Tyr He Thr 
1 5 



<210> 5 
<211> 51 
<212> DNA 

<213> Mus musculus 
<400> 5 

tggatttatc ctggaagcgg taatactaag tacaatgaga agttcaaggg c 

<210> 6 
<211> 17 
<212> PRT 

<213> Mus musculus 



<400> 6 

Trp He Tyr Pro Gly Ser Gly Asn Thr Lys Tyr Asn Glu Lys Phe Lys 

l 5 10 15 

Gly 



<210> 7 



<211> 24 
<212> DNA 

<213> Mub musculus 



<400> 7 

tatggtaact actggtttgc ttac 24 

<210> 8 
<211> 6 
<212> PRT 

<213> Mus musculus 
<400> 8 

Tyr Gly Asn Tyr Trp Phe Ala Tyr 
1 5 







<210> 


9 






<211> 


333 






<212> 


DNA 






<213> 


Mus 






<220> 








<221> 


CDS 






<222> 


(1) . 


i : U 




<400> 


9 




gac 


att 


gtg 


ctg 




Asp 


lie 


Val 


Leu 




1 








\. t - 












cag 


agg 


gcc 


acc 


l£ 


Gin 


Arg 


Ala 


Thr 


[**. 








20 


i't- 












ggt 


gat 


agt 


tat 


(9 


Gly 


Asp 


Ser 


Tyr 








35 
















aaa 


gtc 


etc 


ate 




Lys 


Val 


Leu 


lie 






50 








agg 


ttt 


agt 


ggc 




Arg 


Phe 


Ser 


Gly 




65 










cct 


gtg 


gag 


gag 




Pro 


Val 


Glu 


Glu 




gag 


gat 


ccg 


tgg 




Glu 


Asp 


Pro 


Trp 










100 






<210> 


10 



. (333) 

tec caa tct cca get tct ttg get gtg tct eta ggg 48 

:hr Gin Ser Pro Ala Ser Leu Ala Val Ser Leu Gly 
5 10 15 

itc tec tgc aag gcc age caa agt gtt gat ttt gat 96 
:ie Ser Cys Lys Ala Ser Gin Ser Val Asp Phe Asp 
25 30 

Ltg aac tgg tac caa cag aaa cca gga cag cca ccc 144 
let Asn Trp Tyr Gin Gin Lys Pro Gly Gin Pro Pro 
40 45 

:at get gca tec aat eta gaa tct ggg ate cca gcc 192 
?yr Ala Ala Ser Asn Leu Glu Ser Gly lie Pro Ala 
55 60 

igt ggg tct ggg aca gac ttc acc etc aac ate cat 24 0 

Ser Gly Ser Gly Thr Asp Phe Thr Leu Asn lie His 
70 75 80 

jag gat get gca acc tat tac tgt cag caa agt aat 288 
31u Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Ser Asn 
85 90 95 

icg ttc ggt gga ggc acc aag ctg gaa ate aaa 333 
rhr Phe Gly Gly Gly Thr Lys Leu Glu lie Lys 
105 110 



<211> 111 
<212> PRT 



3 



<213> Mus musculus 



<400> 10 

Asp lie Val Leu Thr Gin Ser Pro Ala Ser Leu Ala Val Ser Leu Gly 

1 5 10 15 

Gin Arg Ala Thr He Ser Cys Lye Ala Ser Gin Ser Val Asp Phe Asp 

20 25 30 

Gly Asp Ser Tyr Met Asn Trp Tyr Gin Gin Lys Pro Gly Gin Pro Pro 

35 40 45 

Lys Val Leu He Tyr Ala Ala Ser Asn Leu Glu Ser Gly He Pro Ala 

50 55 60 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Aen He His 
65 70 75 80 

Pro Val Glu Glu Glu Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Ser Asn 

85 90 95 

Glu Asp Pro Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys 
100 105 110 

<210> 11 
<211> 45 
<212> DNA 

<213> Mus musculus 
<400> 11 

aaggccagcc aaagtgttga ttttgatggt gatagttata tgaac 

<210> 12 
<2ll> 15 
<212> PRT 

<213> Mus musculus 
<400> 12 

Lys Ala Ser Gin Ser Val Asp Phe Asp Gly Asp Ser Tyr Met Asn 
15 10 15 

<210> 13 

<211> 21 

<212> DNA 

<:213> Mus musculus 

<400> 13 
gctgcatcca atctagaatc t 

<210> 14 
<211> 7 
<212> PRT 

<213> Mus musculus 

<400> 14 
Ala Ala Ser Asn Leu GIm Ser 
1 5 

<210> 15 
<211> 27 
<212> DMA 

<213> Mus musculus 



<400> 15 



cagcaaagta atgaggatcc gtggacg 



<210> 16 

<211> 9 

<212> PRT 

<213> Mub musculus 

<400> 16 

Gin Gin Ser Asn Glu Asp Pro Trp Thr 
1 5 

<210> 17 
<211> 375 
<212> DNA 

<213> Mus musculus 

<220> 

<221> CDS 

<222> (1) . . . (375) 

<400> 17 

9*9 9^9 aag ctg gtg gag tQt gga gga ggc ttg gta cag cct ggg ggt 
Glu Val Lys Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 
15 10 15 

tct ctg aga etc tec tgt gca act tct ggg ttc acc ttc agt gat tac 
Ser Leu Arg Leu Ser Cys Ala Thr Ser Gly Phe Thr Phe Ser Asp Tyr 
20 25 30 

tat atg aac tgg gtc cgc cag cct cca gga aag get ctt gag tgg ttg 
Tyr Met Asn Trp Val Arg Gin Pro Pro Gly Lys Ala Leu Glu Trp Leu 
35 40 45 

ggt ttt att aga aac aaa get aat ggt tac aca aca gag ttc agt gca 
Gly Phe lie Arg Asn Lys Ala Asn Gly Tyr Thr Thr Glu Phe Ser Ala 
50 55 60 

tct gtg atg ggt egg ttc acc ate tec aga gat gat tec caa age ate 
Ser Val Met Gly Arg Phe Thr lie Ser Arg Asp Asp Ser Gin Ser lie 
65 70 75 80 

etc tat ctt cag atg aac acc ctg aga get gag gac agt gec act tat 
Leu Tyr Leu Gin Met Asn Thr Leu Arg Ala Glu Asp Ser Ala Thr Tyr 
85 90 95 

tac tgt gca aga gat ccc ccc tat ggt aac ccc cat tat tat get atg 
Tyr Cys Ala Arg Asp Pro Pro Tyr Gly Asn Pro His Tyr Tyr Ala Met 
100 105 110 

gac tac tgg ggt caa gga acc tea gtc acc gtc tec tea 
Asp Tyr Trp Gly Gin Gly Thr Ser Val Thr Val Ser Ser 
115 120 125 



<210> 18 
<211> 125 
<212> PRT 

<213> Mus musculus 



Glu 


Val 


Lys 


Leu Val 


Olu 


Ser 


Gly 


Gly 


Gly 


lieu 


Val 


Gin 


Pro 


Gly Gly 


1 






5 










10 










15 




Ser 


Leu 


Arg 


Leu Ser 


Cys 


Ala 


Thr 


Ser 


Gly 


Phe 


Thr 


Phe 


Ser 


Asp 


Tyr 








20 








25 










30 






Tyr 


Met 


Asn 


Trp Val 


Arg 


Gin 


Pro 


Pro 


Gly 


Lys 


Ala 


Leu 


Glu 


Trp 


Leu 






35 








40 










45 






Gly 


Pne 


lie 


Arg Asn 


Lys 


Ala 


Asn 


Gly 


Tyr 


Thr 


Thr 


Glu 


Phe 


Ser 


Ala 




50 








55 










60 










Ser 


Val 


Met 


Gly Arg 


Phe 


Thr 


lie 


Ser 


Arg 


Asp 


Asp 


Ser 


Gin 


Ser 


lie 


65 








70 










75 










80 


Leu 


Tyr 


Leu 


Gin Met 


Asn 


Thr 


Leu 


Arg 


Ala 


Glu 


Asp 


Ser 


Ala 


Thr 


Tyr 








85 










90 










95 


Tyr 


Cys 


Ala 


Arg Asp 


Pro 


Pro 


Tyr 


Gly 


Asn 


Pro 


His 


Tyr 


Tyr 


Ala 


Met 








100 








105 










110 






Asp 


Tyr 


Trp 


Gly Gin Gly Thr 


Ser 


Val 


Thr 


Val 


Ser 


Ser 












115 








120 










125 









<210> 19 
<211> 15 
<212> DNA 

<213> Mus musculus 

<400> 19 
gattactata tgaac 

<210> 20 

<211> 5 

<212> PRT 

<213> Mus musculus 



<400> 20 
Asp Tyr Tyr Met Asn 
1 5 



<210> 21 

<211> 57 

<212> DNA 

<213> Mus musculus 

<400> 21 

tttattagaa acaaagctaa tggttacaca acagagttca gtgcatctgt gatgggt 

<210> 22 

<211> 19 

<212> PRT 

<213> Mus musculus 



<400> 22 

Phe lie Arg Asn Lys Ala Asn Gly Tyr Thr Thr Glu Phe Ser Ala Ser 

15 10 15 

Val Met Gly 



<210> 23 
<211> 42 
<212> DNA 

<213> Mus musculus 



<400> 23 

gatcccccct atggtaaccc ccattattat gctatggact ac 



42 



-J 



l l ft 



<210> 24 
<211> 14 
<212> PRT 

<213> Mus musculus 
<400> 24 

Asp Pro Pro Tyr Gly Asn Pro His Tyr Tyr Ala Met Asp Tyr 
15 10 

<210> 25 
<211> 333 
<212> DNA 

<213> Mus musculus 

<220> 

<221> CDS 

<222> (1) . . . (333) 

<400> 25 

gac att gtg ctg acc cag tct cct get tec tta get gtt tct ctg ggg 4 8 

Asp lie Val Leu Thr Gin Ser Pro Ala Ser Leu Ala Val Ser Leu Gly 
15 10 15 

cag agg gec acc ate tea tgc agg gee age aaa agt gtc agt gca tct 96 
Gin Arg Ala Thr lie Ser Cys Arg Ala Ser Lys Ser Val Ser Ala Ser 
20 25 30 



ggc tat aat tat atg cac tgg tac caa cag aaa gca ggg cag cca ccc 144 
Gly Tyr Asn Tyr Met His Trp Tyr Gin Gin Lys Ala Gly Gin Pro Pro 
35 40 45 



aaa etc etc ate cat ctt gca tec aac eta gaa tct ggg gtc cct gee 192 
£5 Lys Leu Leu He His Leu Ala Ser Asn Leu Glu Ser Gly Val Pro Ala 

£3 5 0 55 60 



agg ttc agt ggc agt ggg tct ggg aca gac ttc acc etc aac ate cat 
Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Asn He His 
65 70 75 80 

cct gtg gag gag gag gat get tea acc tat tac tgt cag cac agt ggg 
Pro Val Glu Glu Glu Asp Ala Ser Thr Tyr Tyr Cys Gin His Ser Gly 
85 90 95 

gag ctt cca ttc acg ttc ggc teg ggg aca aag ttg gaa ata aaa 
Glu Leu Pro Phe Thr Phe Gly Ser Gly Thr Lys Leu Glu He Lys 
100 105 HO 



240 



288 



333 



<210> 26 
<211> 111 
<212> PRT 
<213> Mus 

<400> 26 



musculus 



7 



Aep He Val Leu Thr Gin Ser Pro Ala Ser Leu Ala Val Ser Leu Gly 



1 








5 










10 








15 




Gin 


Atq 


Ala 


Thr 


He 


Ser Cys 


Arq 


Ala 


Ser 


Lys 


Ser 


Val Ser 


Ala 


Ser 








20 










25 








30 






Gly 


Tyr 


Aen 
35 


Tyr 


Met 


His 


Trp 


Tyr 

40 


Gin 


Gin 


Lys 


Ala 


Gly Gin 


Pro 


Pro 


Lys 


Leu 
50 


Leu 


He 


His 


Leu 


Ala 
55 


Ser 


Aen 


Leu 


Glu 


Ser 

O \J 


Gly Val 


Pro 


Ala 


Arg 


Phe 


Ser 


Gly 


Ser 


Gly 


Ser 


Gly 


Thr 


Aep 


Phe 


Thr 


Leu Asn 


He 


His 


65 










70 










75 








80 


Pro 


Val 


Glu 


Glu 


Glu 
85 


Asp 


Ala 


Ser 


Thr 


Tyr 
90 


Tyr 


Cys 


Gin His 


Ser 
95 


Gly 


Glu 


Leu 


Pro 


Phe 
100 


Thr 


Phe 


Gly 


Ser 


Gly 
105 


Thr 


Lys 


Leu 


Glu He 
110 


Lys 





<210> 27 
<211> 45 
<212> DNA 

<213> Mus mus cuius 



<400> 27 

agggccagca aaagtgtcag tgcatctggc tataattata tgcac 

<210> 28 
<211> 15 
<212> PRT 

<213> Mus musculus 
<400> 28 

Arg Ala Ser Lys Ser Val Ser Ala Ser Gly Tyr Asn Tyr Met His 
15 10 15 



<210> 29 

<211> 21 

<212> DNA 

<213> Mus 



mus cuius 



<400> 29 
cttgcatcca acctagaatc t 

<210> 30 
<211> 7 
<212> PRT 

<213> Mus mus cuius 



<400> 30 
Leu Ala Ser Asn Leu Glu Ser 
1 5 



<210> 31 

<211> 27 

<212> DNA 

<213> Mus mus cuius 

<400> 31 
cagcacagtg gggagcttcc attcacg 



<210> 32 



8 



<211> 9 
<212> PRT 

<213> Mus musculus 



<400> 32 

Gin His Ser Gly Glu Leu Pro Phe Thr 
1 5 
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The tumor-associated CD30 antigen Is presently under study 
as a target for active specific immunotherapy of Hodgkin's 
lymphoma with anti-Id iotyplc antibodies. Internal image antibod- 
ies (Ab2^ 9GI0 and I4G9 against the CD30-specffic antibody 
HRS-4 (Abl) have been described, which induce a CD30- 
specific T- and B-cell response in BALB/c mice and New 
Zealand white rabbits. In extension of this work, murine 
monoclonal arrti-idiotypic Ab2f) 9GI0 f mimicking structures of 
the nominal CD30 antigen, was used to generate monoclonal 
Ab3 in mice and polyclonal Ab3 in rabbits with specificity for 
CD30. The Ab2£ vCIO-spedfic murine monoclonal Ab3 4A4 
bound specifically to the 120-kDa band of CD30 present on 
Hodgkin cell lines and Hodgkin tumor tissue* and effectively 
inhibited binding of Ab I HRS-4 to Ab2 9G 1 0 as well as to CD30+ 
cells. Monoclonal Ab3 4A4 was cytotoxic for CD30+ cell lines in 
vitro and effectively prevented the s.c growth of L540 cell 
tumors after passive i.v. administration In a SCID mouse tumor 
model. While this cytotoxic effect of the IgM subclass mono* 
clonal Ab3 4A4 was due to complement activation, the murine 
monoclonal Abl HRS-4 and a polyclonal Ab3 preparation of 
IgG -subclass from New Zealand white rabbits were cytotoxic by 
an antibody-dependent cell-mediated mechanism in Wtro. In 
conclusion, Ab20 9GI0 is able? to induce a CD30-specffic cyto- 
toxic IgG and IgM response. Cytotoxicity was shown to be 
mediated by complement activation and antibody-dependent 
cell-mediated cytotoxicity in Wtro and in vivo and across species 
barriers. Thus, the CD30-like Ab2B 9G 1 0 may hold promise for 
effective active specific immunotherapy of human Hodgkin's 
lymphoma. 
CJ993 Wiley-Liss, Inc. 

Hodgkin's disease (HD), described in 1832 by Thomas 
Hodgkin, is a malignancy of the lymphatic system, but its 
etiology and cell of origin remain unknown. Marked progress 
in the treatment of this malignancy has been made in the last 
20 years and remission can now be achieved by combined 
modality treatment in more than 90% of all patients. However, 
30-40% of all patients will ultimately die from the disease, due 
to a high rate of relapse (Longo, 1990). The typically low 
burden of tumor cells compared to an extensive reactive 
lymphatic infiltrate of the tumor (Stein et aL, 1989), the high 
rate of initially, achievable remissions with only low amounts of 
residual dormant tumor cells remaining and the almost specific 
expression of the recently cloned CD30-antigen by the tumor 
cells (Durkop et aL, 1992) may render the use of specific active 
immunotherapy with tumor-associated antigens a promising 
approach for the improvement of therapy. Active specific 
immunotherapy with recombinant CD30-antigen may be ham- 
pered by the lack of anti-tumor immunity due to tolerance 
against tumor antigens (Greene, 1980; Howie and McBride, 
1982) as indicated by the presence of soluble CD30 in the sera 
of patients with HD (Gause et aL, 1991). In contrast, the 
presentation of CD30-Iike structures buried in the antigenic 
environment of an anti-idiotypic antibody, as proposed in the 
network hypothesis of Jerne (1974), may circumvene tumor 
tolerance. According to this theory, internal image antibodies 
or Ab2(J raised to anti-tumor antibodies (Abl) mirror the 
conformation of the original antigen and can induce a protec- 
tive tumor-specific response in the absence of the nominal 
antigen. The application of this genetically unrestricted ap- 



proach has shown encouraging results in experimental systems 
as well as in vivo for the treatment of malignant melanoma and 
colorectal cancer (Herlyn et aL, 1987; Ferrone et aL, 1990; 
Kohlere/a/., 1989; Levy and Miller, 1990). 

In a recent communication (Pohl et al t 1992) we described 
the induction and characterization of CD30-like Ab20 by the 
CD30-specific murine monoclonal antibody HRS-4 (Abl). The 
murine monoclonal Ab20 9G10 and 14G9 induced a CD30- 
specific T- and B-cell response in BALB/c mice and in New 
Zealand white rabbits. In extension of this work, we describe 
here the immunogenic characteristics of Ab2£ 9G10 by the 
characterization of a murine monoclonal HRS-4-like Ab3 as 
well as a polyclonal rabbit Ab3 with specificity for CD30 
antigen and their ability to prevent tumor-cell growth in vitro 
and in a SCID mouse tumor model in vivo. 

MATERIAL AND METHODS 

Animals 

New Zealand white rabbits and 6- to 8-week-oId BALB/c 
mice were obtained from the Institut fuer Versuchstierzucht, 
MHH, Hanover, Germany. Animals were maintained on 
standard chow and water. Pathogen-free mice with severe 
combined immunodeficiency (SCID) first described by Bosma 
et aL (1983) were obtained from the same institute. Animals 
were housed and bred in specific-pathogen-free cages and fed 
autoclaved standard chow and water. 

Cell lines 

The established CD30-positive human cell lines (L540, 
L428, L591) were cultured in RPMI 1640 medium (GIBCO, 
Karlsruhe, Germany), supplemented with 20% (v/v) FCS and 
glutamine 2 mM/I. Human cell lines HDLM2, P3HR1, 363 
(multiple myeloma), L735 and HPB-ALL, BL60 (Diehl et aL, 
1990), the mouse myeloma cell line X63Ag8.653 (ATCC 
Rockville, MD) and hybridoma cell lines were cultured in 
RPMI 1640 medium (GIBCO) supplemented with 10% (v/v) 
FCS and glutamine 2 mM/1. 

Monoclonal antibodies and immunoglobulins 

Generation of MAbs HRS-3, HRS-4, anti-POX, 12D3, 
9G10 and 14G9 (all IgGi-kappa) used in this study is described 
elsewhere (Pohl et aL, 1992). Myeloma proteins MOPC 41 
(lambda chain), RPC 10 (kappa chain) and pooled BALB/c 
IgG were purchased from Cappel (Veedijk, Belgium), my- 
eloma proteins TEPC 15 (IgA-kappa), MOPC 21 (lgG r 
kappa), MOPC 24 (IgG,-lambda), UPC 10 (IgG 2a -kappa), 
MOPC 141 (IgGa-kappa), FLOPC 21 (IgG 3 -kappa), MOPC 
37 (IgG 3 .lambda) and MOPC 104E (IgM-lambda) were from 
Sigma (Diesenhofen, Germany). 



s To whom correspondence and reprint requests should be ad- 
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Joseph-Stelzmann Str. 9, D-5000 Cologne 41, Germany. 
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Preparation and labelling of.tg and F(ab') 3 fragments 

For ascites production, 2 x 10 7 viable hybridoma cells were 
injected i.p. into pristane-primed BALB/c mice. IgG was 
purified by 2 ammonium sulfate precipitation steps at 50% 
saturation and subsequent chromatography on a Mono-Q 
column (Pharmacia, Uppsala, Sweden). Purity of isolated IgG 
was monitored by SDS-PAGE and F(ab') 2 -fragments were 
prepared by pepsin digestion followed by chromatography on a 
protein A-Sepharose CL-4B-co!umn (Pohl et aL, 1992). Purity 
of isolated F(ab') 2 fragments was controlled by a sandwich- 
enzyme-linked immunosorbent assay (ELISA) using Fc and 
F(ab')-specific antibodies and by SDS-PAGE. IgM was puri- 
fied from ascites by precipitation by dialysis against H 2 0 for 18 
hr at 4°C and subsequent resuspension in 0.1 M NaH 2 C0 3 over 
72 hr at 4°C. The resuspended IgM-precipitate was IgG-free as 
measured by a sandwich-ELISA using goat anti-mouse IgM- 
and IgG-specific antibodies (Dianova, Hamburg, Germany). 
Biotinylation of purified IgG, IgM or F(ab') 2 fragments was 
performed as described elsewhere (Pohl et aL, 1992) using 
biotin-amidocaproate-N-hydroxysuccinimide (Sigma). For the 
induction of Ab3, Ab2 9G10 and 14G9 were coupled to 
keyhole-limpet hemocyanine (KLH, Calbiochem, Frankfurt, 
Germany) at a 1 mg/1 mg ratio (Pohl et al f 1992). 

Affinity purification of polyclonal rabbit Ab3 

Fractions of rabbit IgG were prepared from pooled sera 
from rabbits immunized with Ab2 9G10 and 14G9 (Pohl et aL, 
1992). Briefly, after 2 ammonium sulfate precipitation steps, 
anti-isotypic antibodies were removed from precipitated Ig by 
subsequent affinity chromatography on mouse-Ig-coated Bio- 
Gel columns. The unadsorbed fraction was concentrated to the 
desired volume by ultrafiltration cartridges. For further purifi- 
cation of anti-idiotypic antibodies, 1 mg of anti-isotype-free 
rabbit IgG in PBS pH 7.4 was processed twice over an Aifi-gel 
10 column coated with MAb 14G9 or 9G10. The column was 
then flushed with 100 ml of PBS to elute the unadsorbed 
fraction. The bound fraction (anti-idiotypic Ig) was eluted with 
15 ml 3.5 M ammonium thiocyanate, followed by immediate 
buffer exchange by chromatography and concentration to the 
desired volume by ultrafiltration cartridges. The anti-idiotypic 
Ab3 fraction was essentially IgM-free as measured by a 
sandwich-ELISA using goat anti-rabbit IgM- and IgG-specific 
antibodies (Dianova, Hamburg, Germany). 

Detection ofCD30 antigen by Western blot 

Preparation of CD30 + cell lysates from L540 cells and 
CD30" cell lysates from L-735 cell lines has been described in 
detail (Pohl et aL, 1992). The presence of the immunoreactive 
120-kDa band of CD30 in the individual L540 batch was 
confirmed by Western blot analysis and ELISA, CD30+ and 
CD30~ samples were separated by SDS-PAGE under reducing 
conditions in $% slab gels and separated polypeptides were 
electrophoretically transferred to nitrocellulose membranes 
(Schleicher and Schuetl, Damsel, Germany) for Western-blot 
analysis (Pohl et aL, 1992) ^With the following modifications: 
After incubation in washing buffer (0.05 M Tris-HCI, pH 9.2) 
for 10 min, blocking of non-specific binding sites for 1 hr at 
20°C with 5% BSA and 0.25% Tween 20 in washing buffer, 
membranes were incubated with purified monoclonal mouse 
Abl (HRS 4, 10 M-g/ml), purified monoclonal mouse Ab3 
(4A4, 10 M-g/ml) or equal amounts of control antibodies for 1 
hr at 20°C in washing buffer. After a washing step (3x5 min), 
membranes were incubated for 90 min at 20°C with biotin- 
labelled goat anti-mouse-Ig (IgM and IgG specific, Dianova; 
1/1,000 dilution). Blots were then washed (3x5 min) and 
incubated with streptavidin-alkaline phosphatase conjugate 
and alkaline phosphatase substrate solution containing fast 
red TR salt and naphthol-AS-BI phosphate until a red, 
insoluble color reaction developed. 



Immunization and somatic cell hybridization 

Monoclonal Ab20 9G10 and 14G9 were used for the 
induction of Ab3 in BALB/c mice and rabbits (Pohl et aL, 
1992). New Zealand white rabbits were immunized s.c. with 0.5 
mg antibody coupled to KLH in complete Freund's adjuvant 
on day 0, followed by i.m. injections of 0.5 mg antibody-KLH in 
incomplete adjuvant on days 14 and 28. After subsequent 
immunization with 0.3 mg of antibody in PBS on days 42 and 
56, sera were collected on day 72. The following immunization 
schedule was used for the generation of monoclonal Ab3 in 
mice. Female BALB/c mice, 6-8 weeks old, were immunized 6 
times over a 72-day period with 100 \ig of 9G10-KLH in 
complete (2x) and incomplete Freund's adjuvant (2x) ip 
and then injected twice with 100 jig Ab2(*-KLH in PBS alone! 
Animals were boosted i.p. with 100 pug of Ab20 in PBS on day 
72 and spleen cells were fused 3 days later. Immunization and 
fusion of spleen cells with the non-secretory X63Ag8,653 
mouse myeloma line, using polyethylene glycol (MW 1500, 
40% w/v, Boehringer, Mannheim, Germany), has been de- 
scribed (Pohl et aL, 1992). 

Hybridomas were seeded in 96-weIl plates and the culture 
fluids of FiAT-resistant hybridomas were tested for anti-Id 
activity by ELISA 14 to 17 days after fusion. Positive cultures 
were cloned by limiting dilution and expanded in culture and 
as ascites tumours in pristane-primed BALB/c mice. Immuno- 
globulin subclasses of MAbs were determined by an isotyping 
kit according to the manufacturer's recommendations (Amer- 
sham, Braunschweig, Germany). 

Screening assay for anti-anti-idiotypic antibodies 

Screening for anti-Ab2 activity was performed as follows: 
ELISA-plates (Greiner, Nurtingen, Germany) were coated 
with whole IgG or F(ab') 2 fragments of purified 9G10, 14G9 or 
an unrelated monoclonal anti-POX-antibody of the same 
isotype and allotype (2 ^g/rnl, 50 |xl/well) overnight, then 
non-specific protein binding was blocked by 1% gelatin in PBS. 
Dilutions of immune sera or culture supernatants (50 p.l/well) 
were incubated for 90 min at room temperature, then washed 
extensively. Biotinylated 9G10 or 14G9 (1 p-g/ml, 50 nl/well) 
was incubated for 1 hr at room temperature and, after 
extensive washing, a 1/5,000 dilution of alkaline phophatase- 
conjugated streptavidin (Boehringer) was added for 30 min at 
room temperature. The reaction product was developed using 
p-nitrophenyl-phosphate as substrate (Sigma). The degree of 
substrate conversion was determined at 405 nm using a 
Titertek ELISA reader (Flow, Irvine, UK). 

For further characterization, various myeloma proteins, 
MAbs of known specificity and subclass (anti-POX), mouse 
immunoglobulin fractions and normal BALB/c mouse sera 
were coaled at varying dilutions to micro titer plates, and 
binding of biotinylated antibody was determined as described. 

Inhibition assay 

To determine whether Ab3 binds at or near the paratope of 
Ab2, the following inhibition experiments were performed. 
Ab2p 9G10 was coated to microliter plates at a concentration 
of 0.5 ixg/ml at 4°C overnight. Non-specific binding was 
blocked with 1% gelatin. Biotinylated monoclonal Abl HRS-4 
at non-saturating concentrations (300 ng/ml) was incubated in 
the presence of varying dilutions of supernatants of mono- 
clonal Ab3 4A4 or relevant control antibodies for 1 hr at room 
temperature. The assay was processed further as described 
above. Inhibition of Abl binding was calculated as follows: 

[1 - (OD405 probe - OD405 background)] 

9c inhibition » rzrr — — — — x 100 

(OD4Q5 max - OD405 background) 

OD405 max represents maximal binding of Abl without inhibi- 
tor, whereas OD405 probe represents binding in the presence of 
an inhibitor. OD^os background represents background activ- 
ity. All assays were performed several times in triplicate. The 
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results are presented as the mean value of the assays. The SD 
of the data was below 10%. 

Flow cytometric analysis 

Cells of interest were reacted with supernatant or purified 
antibodies diluted in culture medium in the presence or 
absence of various inhibitors'for 90 min at room temperature. 
The reaction was developed with goat anti-mouse-F(ab')2- 
FITC labeled IgG-antibody (Dianova). Flow cytometric analy- 
sis was performed on a FACSscan (Becton Dickinson* Heidel- 
berg, Germany) analyzer with the FACSscan software according 
to the manufacturer's recommendations. 

Immunohistology 

Cryostat sections were prepared from involved lymph nodes 
of a patient with Hodgkin's lymphoma (mixed cellularity), 
fixed with ice-cold acetone, blocked with 1% .BSA and incu- 
bated with the immunoglobulin of interest diluted in PBS for 
90 min at room temperature. Antibody binding was visualized 
using the APAAP technique as described by Stein et al (1989). 

Antibody-dependent cytotoxicity 

The antibody-dependent cytotoxicity (ADCC) induced by 
Ab3 was determined by propidium iodide uptake by avita) cells 
with flow cytometric analysis as described above according to 
the method of Slezak and Horan (1989) with the following 
modifications. Vital CD30 + L540 ceils were labelled with the 
fluorescent dye PKH 2 (fluorescence at 480 nm, Sigma, Munich, 
Germany) and used as targets at a concentration of 1 x 
lOVwell. They were incubated with varying amounts of rabbit 
Ab3-IgG, murine MAb3 4A4 or relevant controls. Peripheral 
blood, lymphocytes purified by Ficoll-gradient centrifugation 
from several healthy donors were added to the effector 
cell/antibody mixture at th£ indicated effector/target-cell 
ratios. The final culture volume was 200 u.1. PKH 2 -marked 
target cells with antibodies and without effector cells served as 
controls. After 4 hr of culture (37°C, 5% C0 2 ) the uptake of 
propidium iodide (2 p-g/ral, Sigma) by avital PKH 2 + cells 
compared to the controls was determined by flow cytometric 
analysis. The percentage of lysed cells was calculated as: 



100 x 



experimental uptake - spontaneous uptake 
maximal cell number - spontaneous uptake 



Maximal cell number defines the number of PKH 2 -labelled 
cells per probe. Spontaneous uptake was defined as the 
number of cells taking up propidium iodide in the absence of 
effector cells and in the presence of antibody. Experimental 
uptake was defined as the number of cells taking up propidium 
iodide in the presence of effector cells and antibody. All assays 
were performed several times in triplicate. The results are 
presented as the mean value of the assays. The SD of the data 
was below 10%, 

Complement-mediated cytotoxicity 

The complement-dependent cytotoxicity (CDC) induced by 
Ab3 was determined by propidium iodide uptake by avital cells 
with flow cytometric analysis as described above, with the 
following modifications. Freshly drawn mouse or rabbit blood 
was allowed to clot at 4°C overnight. Serum was collected, 
pooled, aliquoted, stored frozen at -70°C and used as a source 
of complement. Complement-free serum was obtained by 
inactivation of complement activity by incubation of serum 
samples for 45 min at 56°C PKH 2 -labelled CD30 + (L540) and 
CD30" (L735 or HPB-ALL) cells at a concentration of 1 x 
lOVwell were used as targets for CDC and incubated with 
supernatants of murine MAb3 4A4, murine MAbl HRS-4 or 
HRS-1 or relevant controls in the presence of propidium 
iodide at a total volume of 100 ul Complement was added at a 
1/1 ratio to a final volume of 200 uJ; target cells with antibodies 
and without complement served as controls. After 4 hr of 
culture at 37°C (5% CQ 2 ), propidium iodide was added and 



the uptake by PKH 2 -labelled cells compared to controls was 
determined by flow cytometric analysis as described above. AJ1 
assays were performed several times in triplicate. The results 
are presented as the mean value of the assays. The SD of the 
data was below 10%. 

In vivo tumor neutralization studies 

SCID mice were bred as described above. For passive 
immunization with Ab3, various antibody preparations or 
mock solutions were administered i.v. in a volume of 200 yj via 
the tail vein to 4- to 6-week-old female SCID mice in groups of 
10, followed by a tumor-cell challenge 1 hr later. For this 
purpose, a suspension of 1.5 x 10' CD30 + (L540CY) or 
CD30" (BL60) cells in PBS was injected s.c. at the ventral 
thoracic wall to induce solid-cell tumors as described by von 
Kalle et al (1992). Development of tumor size was measured 
twice weekly with a caliper in a blinded manner, then tumor 
volume was determined by the formula d x d x D x 3, 14/6 
with d as the smaller and D as the larger diameter. Animals 
were killed when tumor volume exceeded 1 cm 3 . Tumors were 
collected and cryopreserved for further analysis. 

RESULTS 

Generation of anti-anti-idiotypic antibodies 

The CD30-like murine MAb 9G10 of IgG r subclass with 
specificity for Abl HRS-4 was used for the induction of 
syngeneic an ti-anti -idiotypic Ab3 in BALB/c mice. KLH- 
coupled 9G10 induced a humoral immune response with a 
maximum 56 days after the first immunization. As judged by 
the lack of detectable binding of the immune sera to an 
unrelated immunoglobulin of the same isotype, the immune 
response was directed only against the idiotype of 9G10. The 
observed immune response was specific for 9G10 and not 
directed against KLH, as KLH-coupled unrelated MAbs of 
identical subclass induced no detectable 9G10-specifk re- 
sponse (data not shown). After fusion of spleen cells from 
KLH-9G10-immunized BALB/c mouse 3 with the non- 
secreting hybridoma cell line X63Ag8.653, hybridomas were 
screened for anti-anti-idiotypic Ab3 production. Hybridomas 
which bound to 9G10 as well as to unrelated IgG were 
considered as anti-isotypic antibodies and not examined fur- 
ther. Because of their binding to 9G10 but not to an unrelated 
MAb of identical subclass, 6 hybridomas (5 IgM, 1 IgG) were 
selected initially. Only one Ab3-hybridoma of IgM kappa 
subclass, termed 4A4, could be stabilized and was cloned for 
further studies. 

Characterization ofAb3 4A4 

As shown in Figure 1, monoclonal Ab3 4A4 bound only to 
F(ab')2 fragments of 9G10 but not to IgG or F(ab'>2 fragments 
from a panel of different antibodies and myeloma proteins of 
known subclasses. Only a minor cross-reaction with a related 




IgAk IgMl IgGlk IgCIl lsC2ak lgC3bk IgGSJ IgGSk WB12 HG9 9G10 

Figure 1 - Anti-idiotypic specificities of 4A4 MAb (Ab3) di- 
rected against Ab2 9G10. Binding of 0.5 u,g/ml of biotinylated 
anti-anti-idiotypic 4A4 MAb to various MAbs and myeloma 
proteins (F(ab') 2 fragments, 10 u-g/ml) was determined by a direct 
ELISA as described in the text. 
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Figure 2 - Quantitative binding of murine monoclonal Ab3 to 
Ab2 F(ab') 2 fragments. Binding of various concentrations of 
purified and biotinylated monoclonal Ab3 4A4 ( Abl HRS-4 and 
unrelated control of the same iso- and allotypes was measured 
with purified F(ab') 2 fragments (0.5 u,g/ml) of Ab2 9G L0 coated to 
microtiter plates as described. Results are expressed as mean 
OD405 (n « 3). The SD of the data was below 10%. ■, 4A4-b; 
HRS-4b; 12D3-b. 
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Figure 3 - Inhibition of monoclonal Abl binding to Ab2 by 
Ab3. Purified monoclonal Ab2 9G10 was used as plate coat (0.5 
u.g/ml) and the inhibition of binding of non-saturating amounts 
(300 ng/ml) of biotinylated monoclonal Abl HRS-4 was deter- 
mined in the presence of varying amounts of unlabeled purified 
monoclonal Ab3, 4A4, Abl HRS-4 and unrelated antibodies of 
the IgG and IgM subclass. Results are expressed as mean percent 
inhibition (n = 3). The SD of the data was below 10%. ■, 4A4; □, 
HRS-4; 18H10 (IgMk); O, POX (IgGlk). 



Abl HRS-4-sperific Ab20 14G9 was observed. Binding of 
purified and biotinylated monoclonal Ab3 4A4 to Ab2 9G10 
was detectable at concentrations as low as 80 ng/ml, which was 
comparable to the binding activity of Abl HRS-4 to Ab2 9G10 
(Fig. 2). 

Inhibition of Abl binding to Abl byAb3 

If Ab3 4A4 were directed .at or near the paratope of Ab2, it 
should inhibit the binding of Abl HRS-4. As shown in Figure 
3, supernatants of Ab3 4A4 did inhibit the binding of biotinyl- 
ated HRS-4 to Ab2 9G10 by 100% at a 1/4 dilution and still by 
50% at a 1/128 dilution. Comparable inhibition was obtained 
by unlabeled Abl HRS-4, while supernatants from unrelated 
antibodies of identical subclass gave no relevant inhibition. 
These data suggest that Ab3 4A4 is directed at the paratope of 
Ab29G10. 

Ab'l-like activity ofAb3 

To test whether Ab3 represents a true internal image of Abl 
HRS-4 with specificity for CD30, binding with CD30-positive 
and CD30-negative cell lines was examined by FACS analysis. 
As shown in Figure 4, Ab3 bound avidly, although to a lesser 
extent than HRS-4, to the CD30 + cell line L540, while no 
binding to the CD30~ cell line HPB-ALL was observed. This 
binding was specific, since unrelated IgM showed no binding. 
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Figure 4 - Binding of Ab3 4A4 to CD30+ cells. Five hundred 
thousand CD30 + L540 cells or CD30" HPB-ALL cells were 
incubated with supernatants of monoclonal Abl HRS-4, Ab3 4A4 
or unrelated IgM for 30 min at 4°C. Antibody binding was detected 
by FACS with a 1/100 dilution of FITC-labelled goat-anti-mouse 
Ig (IgM- and IgG-specific). 



TABLE l - FLOW CYTOMETRIC ANALYSIS OF BINDING OF 
MONOCLONAL MURINE Abl AND Ab3 TO CD50* AND CD30" CELL LINES 



Cell line 


HRS-4 


4A4 


IgM 


L540 


+ 


+ 




L428 


+ 


+ 




L591 


+ 


+ 




HDLM2 


+ 


+ 




363(MM) 


+ 


+ 




HPB-ALL 








P3HR1 








L735 









Binding of Abl HRS-4, Ab3 4A4 and unrelated IgM to various 
cell lines was determined as described in the text. 



Similar results were found on a variety of CD30* and CD30" 
cell lines, as summarized in Table I. These data suggested that 
Ab3 4A4 and Abl HRS-4 have a similar binding site to CD30 
antigen. This Ab3 should therefore compete with HRS-4 for 
CD30 binding. As shown by FACS-analysis in Figure 5, 
binding of biotinylated 4A4 at non-saturating concentrations 
(1 jig/ ml) to the CD30+ L540 cell line was inhibited by almost 
100% by unlabelled HRS-4. In contrast, Ab3 4A4 inhibited 
specifically the binding of non-saturating concentrations of 
biotinylated HRS-4 (0.3 u,g/ml) by about 65% at a concentra- 
tion of 50 u.g/ml, indicating a higher binding affinity of HRS-4 
than of Ab3 4A4 for CD30. The inhibition of HRS-4 by 4A4 
was judged specific since unrelated IgM at equal concentra- 
tions induced no inhibition and unlabelled Abl and Ab3 
inhibited themselves by almost 100%. 
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Ficure 5 - Inhibition of Abl F(ab'} 2 fragments to CD30+ cells 
by murine monoclonal Ab3 4A4 cW* L540 cdls were ^cubated 
with non-saturating amounts of biotinylated Abl HRS-4 or A03 
4A4. The inhibition of binding of a constant, ^^turatine 
amount of F(ab') 2 fragments of HRS-4 (0.3 p,g/ml) or 4A4 a 0 
jig/ml) in the presence of 50 ng/ml of unlabelled monoclonal Ab3 
4A4, unlabelled monoclonal Abl HRS-4 and unrelated IgG and 
IgM of the same isotype was determined 
by FACS analysis as described in the text. HRS4b; □, 4A4-b. 

[mmunohistology and Western-blot analysis ofAbB specificity 

Further evidence that monoclonal Ab3 4A4 and Abl HRS-4 
share idiotopes is provided by immunohistochemistry and by 
Western-blot analysis of antibody binding to CD30 cell 
lysates. Ab3 4A4 and Abl HRS-4 gave identical staining 
patterns on cryostat sections ot lymph nodes with CD30- 
positive cells from a patient with Hodgkm's lymphoma (hig. o) 
and a wide variety of malignant and normal tissue (not shown). 
As shown in Figure 7, Abl HRS-4 reacts specifically with a 
120-kDa protein and a somewhat smaller degradation product 
present only in lysates of CD30* cell lines (Pfr^^schuh et al 
1990) Supernatants from murine monoclonal Ab3 4A4 with 
specificity for Ab2 9G10 reacted in an identical manner with 
these CD30-specific bands. No such reactivity was seen with 
lysates from CD30-cell lines or with unrelated IgMk (Fig- 8). 
These results confirm that Ab3 4A4 shares idiotopes with Ab 1 
HRS-4 and thus support the internal image nature of the AD/p 
9G10. 

Complement-dependent cytotoxicity ofAb3 4A4 in vitro 

Thus, having further established that Ab2 9G10 could 
induce a CD30-specific humoral immune response, it was ot 
interest to evaluate the cytolytic effects of this immune 
resDonse in vitro and in vivo. To test complement-mediated 
SEty, supernatants of Ab3 4A4 .Abl HRS-4 affimty- 
?urified poiydonal rabbit anu-9G10-IgG anc I ««^ A ^ 
were mcubated with CD30 + (L540) and CD30" (HPB-ALL) 
cells in the presence of activated and inacuvated murine i or 
rabbit complement, respectively. As shown m Figu re 8 £ 28% 
sDecific lysis of CD30+ cells was induced by monoclonal 
liM-Ab3 4A4, whereas unrelated IgM induced onlj 'about 
m lysis. In contrast, the effect of polyclonal rabbit ^anti-9G 10 
IgG 03%). and monoclonal ,Abl HRS4 (12%) was not 
significantly above background activity. The spontaneous rate 
of cell lysis was 2% (not shown). 
Antibody-dependent cell-mediated cytotoxicity 

To assess what was the contribution of ADCC and whether 
human effector cells could mediate cytolysis via Ab3, purified 
Ab3 4A4 and polyclonal rabbit anti-9G10 IgG were co- 
incubated with CD30+ (L540) and CD30" (HPB-ALL) cells as 
targets in the presence and absence of various amounts ot 
human peripheral blood lymphocytes as effector cells (Fig. 9). 
Only the polyclonal rabbit anti-9G10 IgG demonstrated a 
simificant CD30-specific cytolytic effect which was dependent 
3o?and cffectSr-cell number (p < 0.01 at a 50/1 effector- 
cell ratio), while Ab3 4A4 and unrelated murine IgG or IgM 



showed only background activity. The spontaneous rate of 
cytolysis was 3% and no cytolytic effect was observed on the 
CD30- cell lines HPB-ALL or L735 (5%, not shown). These 
data suggest that very little, if any, of the cytolytic activity of 
IgM-Ab3 4A4 is mediated by ADCC, while polyclonal rabbit 
lgG-Ab3 exerts a major cytolytic effect via ADCC. 

Prevention of tumor growth in vivo byAb3 4A4 

We then tested the ability of Ab3 4A4 to prevent tumor 
growth in vivo. Groups of 10 SCID mice received either 150 u-g 
purified Abl HRS-4 or 150 u,g Ab3 4A4 or PBS, or an equal 
amount of unrelated IgG or IgM. To evaluate the contribution 
of ADCC by the still-functioning natural-killer-cell activity in 
SCID mice, additional groups of mice receiving Abl HRS-4 
and Ab3 4A4 were pre-treated with the anti-asialo GM1 MAb. 
AJ1 animals received, 1 hr after passive administration of Ab3, 
an s c injection of a number of L540 tumor cells, which nad 
been titrated to permit palpable tumor growth within 1 week m 
100% of otherwise untreated animals. 

As shown in Figure 10a, 10 of 10 animals treated with PBS 
alone, unrelated IgG and unrelated IgM developed a palpable 
tumor within 15 days after tumor challenge. In contrast, no 
palpable tumor was detected in the HRS-4- and 4A4-protected 
animals even 32 days after tumor challenge At this time the 
tumor size in the control group exceeded 1 cm 3 and the animals 
were killed. The differences in tumor growth observed on day 
32 were highly significant (4A4 vs. control,/? < 0.01, HRS-4 vs. 
control p < 0.0001). Histologic examination of these animals 
revealed solid tumors of CD30 + cells (not shown). Thereafter 
tumor growth in the 4A4-treated group was observed with 
kinetics comparable to those of the unprotected groups. 
Histologic examination of these animals revealed solid tumors 
of CD30 + cells identical to those of the controls (not shown). 
NK-cell depletion by anti-asialo GM1, as shown in Figure 106, 
did not result in tumor growth in 4A4-treated animals. How- 
ever NK-cell depletion permitted tumor growth tn HRS-4- 
protected animals and palpable tumors started to develop m 
the HRS-4-protected, GM1 -treated group as early as 15 days 
after tumor challenge. The tumor growth in this group had 
kinetics comparable to those of the unprotected groups 
Histologic examination of the animals revealed solid tumors of 
CD30 + cells identical to those of the controls (not shown). 
When solid CD30" (BL60) tumors were established, no 
inhibition of tumor growth was induced by pre-treatrnent with 
Ab3 4A4 or control antibodies (not shown). These data 
indicate that Ab3 4A4 can effectively prevent the growth of 
solid CD30 + (L540)-cell tumors, mainly due to a cell- 
independent complement-activation mechanism. In contrast, 
HRS-4 is most efficient in the prevention of tumor growth due 
to an anti-asialoglycoprotein-inhibitable, NK-cell-mediated 

mechanism. 



DISCUSSION 

The network hypothesis of Jerne (1974) proposes that 
certain anti-idiotypic antibodies (Ab2P) against antigen- 
specific antibodies can mimic the biologic effects of nominal 
antigen and can substitute for this antigen (Kohler et a/, 1989). 
In the search for alternative therapy regimens for Hodgkin s 
lymphoma, the approach of active specific immunotherapy 
based on the anti-idiotype vaccine concept may be promising 
for several reasons: (1) Numerous "internal-image antibodies 
have been reported to induce specific immunity against tumor- 
associated antigen in vitro and m vivo (Kohler e t al nj^h 
However, clinical studies with encouraging results, such as 
K presented by Herlyn * al (1987) for colon carouwnj 
and by Ferrone et al (1990) for malignant melanoma, suffered 
the handicap of a large tumor burden. Hodgkin's lymphoma, in 
contrast is typically composed of relatively few malignant cells 
S?£d Tm extensive infiltrate of reactive cells thus 
considerably lowering the number of malignant cells to t>e 
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Figure 6 - Immunohistochemical staining of CD30 + cells. Serial cryostat sections of involved lymph nodes from a Hodgkin patient 
(mixed cellularity) were stained with (a) Abl HRS-4 (2 M-g/ml) and (b) purified murine monoclonal Ab3 4A4 (5 |xg/ml). Binding was 
visualized by the immunohistochemical APAAP-technique (see text). 



overcome by an immunotherapeutic approach (Stein et aL, 
1989). (2) A high rate of remissions can be achieved in this 
disease, with only very low numbers of malignant tumor cells 
remaining (Longo, 1990). (3) The so-called Ki-1 or CD30 
antigen, which is defined by a large panel of specific antibodies, 
is almost exclusively expressed in Hodgkin's lymphoma. In 
healthy patients, the antigen is present only in a small 
subpopulation of lymphocytes in normal tonsils and lymph 
nodes (Pfreundschuh et aL, 1990; Stein et aL, 1989) thus 
representing a rather specific target for immunotherapy. (4) 
This recently cloned CD30 antigen is thought to be a member 
of the nerve growth-factor-receptor superfamily (Durkop et 
aL, 1992). While the open reading frame of the CD30 genome 
codes for a molecule with a weight of about 64 kDa, the Ki-1 or 
CD30 antigen is expressed predominantly as a heavily glyco- 
sylated 120-kDa membrane-bound protein on the surface of 
cells of HodgkhVs lymphoma'and certain non-Hodgkin lympho- 
mas. In these patients a soluble 88-kDa form of CD30 was 
described, which disappeared during remission of the disease 
and recurred in sera of patients with relapse (Gause et aL, 
1991). The presence of CD30 antigen in the sera of HD 
patients suggests tolerance towards this tumor antigen (Greene, 
1980; Howie and McBride, 1982) and thus would limit the use 
of purified or recombinant CD30 antigen for active specific 
immunotherapy. With regard to the prevention of tumor 
relapse, active immunization with CD30-like structures pre- 
sented as "network antigen" in the environment of a murine 
MAb has been shown to enhance T-cell responses and to 
stimulate "silent clones" in the host, and thus may overcome 
tolerance towards tumor antigen (Kohlerer aL f 1989). 

To this end, we have described the generation and character- 
ization of syngeneic anti-idiotypic mouse monoclonal Ab20 
directed against the CD30 combining site of the HRS-4 
antibody and mimicking structures of the nominal CD30 



antigen (Pohl et aL, 1992). One monoclonal Ab2p 9G10 was 
shown to induce, in the absence of CD30, a humoral polyclonal 
murine and rabbit Ab3 response as well as a syngeneic 
T<ell-raediated immunity that was specific for CD30. In 
extension of this work, we demonstrate here that a murine 
syngeneic monoclonal Ab3 4A4, induced by Ab2£ 9G10, 
bound specifically to this antibody and to the nominal antigen 
CD30 present in cell lysates, on the surface of tumor-cell lines 
as well as in human tissue as shown by ELISA, Mow cytometry, 
Western-blot analysis and immunhistochemistry. This mono- 
clonal Ab3 shares idiotopes with the Abl HRS-4 as it could 
inhibit effectively binding of Abl to CD30 cells. These data 
suggest that we have established a genuine syngeneic mono- 
clonal Id-cascade, as described first for a T-cell leukemia- 
associated GP37-specific Id-cascade (Bhattacharya-Chatterjee 
et aL, 1988). The idiotypic cascade described here begins with 
the Hodgkin-associated CD30 antigen, which is defined by Abl 
HRS-4. This antibody is a member of a panel of CD30-specific 
MAbs, that had previously been obtained by immunization 
with the CD30 + Hodgkin-derived cell line L428. Ab2 9G10 of 
this cascade represents a true internal image (Ab2P) of this 
nominal antigen, as it induced an Abl'-like Ab3 even across 
species barriers in mice and rabbits (Pohl et al. t 1992). The 
induction of Ab3 clones of predominantly IgM subclass with 
lower affinity for the nominal antigen than the original Abl 
was observed similarly in various idiotypic cascades by others 
(Percy and Harn, 1988; Bhattacharya-Chatterjee et aL t 1990; 
Vialeefa/, 1989). 

With regard to active immunization with Ab2 9G10, it was of 
interest to establish the mechanism of action by which an Ab3 
might elicit a cytotoxic activity. Active immunization with Ab2 
9G10 would require the immune system of the BALB/c mouse 
to be intact, which in turn would prevent the growth of solid 
L540 tumors. On the other hand, the SCID mouse, character- 
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Figure 9 - Antibody-dependent cell-mediated cytotoxicity by 
Ab3. Purified Ab3 4A4, purified rabbit anti-9G 10 IgG or unrelated 
rabbit IgG were co-incubated with 1 x 10* PKH 2 -Ubelled CD30 + 
L540 or CD30" HPB-ALL cells in the presence of peripheral 
blood lymphocytes as effector cells in the ratio indicated. Cell- 
mediated cytolysis was measured by the percentage of propidium 
iodide uptake by PKH-rlabelled cells after a 4-hr incubation at 
37°C (see text). ■> Anti-9G10 polyclonal rabbit IgG (10 u,g/ml); 
a, rabbit IgG (10 jig/ml); B, anti-9G10 rabbit polyclonal IgG (1 
fig/ml); □, Ab3 4A4 (2 u.g/ml). 



Figure 7 - Western-blot analysis of Ab3 4A4-specificiry for 
CD30-antigen. PAGE and Western-blot analysis were performed 
as described in the text. The molecular weight in kDa is indicated 
to the left. CD30+ cell lysate from cell line L540 (lanes 1, 3, 5; 50 
u,l, 1/50 dilution) and CD30" cell lysate from cell line HPB-ALL 
(lanes 2, 4, 6; 50 jjlL 1 /50 dilution) were incubated with Abl HRS-4 
(lanes 1 and 2, 4 ng/ml), purified murine monoclonal Ab3 4A4 
(lanes 3 and 4, 10 u.g/ml) and with an unrelated IgM-kappa flanes 
5 and 6, 10 ug/ml). Binding was visualized with biotinylated goat 
anti-mouse antibodies (IgM- and IgG-specific) as described. 




Figure 8 - Complement-dependent cytotoxicity induced by Ab3. 
Supernatants of Ab3 4A4, Abl HRS-4, purified rabbit anti-9G10 
IgG or unrelated IgM were co-incubated with 1 x 10 4 PKH r 
labelled CD30+ L540 or CD30* HPB-ALL cells in the presence of 
active or inactivated murine or rabbit complement, respectively. 
Cytolysis was measured by the percentage of propidium iodide 
uptake by PKH r labeIled cells after a 4-hr incubation at 37 C as 
described in the text. L540; □, L735. 

ized by its T- and B-cell defect which permits growth of solid 
L540 cell tumors, is, for the same reason, incapable of 
mounting an effective immune response (von Kalle et al % 1992; 
Bosma ef al. t 1983). Lacking thus a valid immunocompetent 
animal tumor model, we chose to combine the 2 systems and 
attempted to prevent CD30 T tumor growth by passive adminis- 
tration of the BALB/c derived monoclonal Ab3 to the CD30 + 
tumor-permissive SCID mouse. To evaluate the contribution 
of ADCC by the still-functioning natural-killer-cell activity in 
SCID mice, additional groups of mice receiving Abl HRS-4 
and Ab3 4A4 were pretreated with the anti-asialo GM1 MAb, 
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days after tumor challenge 

Figure 10 - In vivo tumor neutralization, (a) SCID mice (groups 
of 10) received i.v. on day 0 either 150 jtg Ab3 4A4 or 150 pig 
unrelated IgM or 150 u.g HRS4 or 150 ng IgG, kappa in 300 u.1 
PBS or 300 u.1 PBS alone. One hour after antibody infusion, all 
animals received 1.5 x 10 7 L540 tumor cells s.c. The growth of 
tumors was monitored as described and is presented as the 
average tumor volume of . all tumor-bearing animals per group. 
Statistically, the observed differences were highly significant. On 
day32:4A4vr. controlp < 0.01, HRS-4 vs. controlp < 0.0001. (b) 
In addition, 2 groups receiving 150 u,g 4A4 or 150 0,5 HRS-4 were 
pre-treated i.v. on days -3, 0 and +3 with 100 ug anti-asialo GM1. 
One hour after infusion of 4A4 or HRS-4 on day 0, all animals 
received 1.5 x 10 7 L540 tumor cells s.c. Tumor growth was 
followed and determined as described. ■, IgGlk; HRS-4; ♦, 
4A4;0, IgMk. 



which completely abolishes NK-cell function in mice (Habu et 
al> 1989). In vivo tumor neutralization studies reported here 
represent a successful prevention of solid Hodgkin cell tumors 
by "internal-image" antibody-induced monoclonal Ab3 in vivo. 
The exponential growth of tumors in untreated control animals 
as well as the lack of functioning T and B cells in SCID mice 
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(Bosma et al, 1983) makes interference by mouse specific 
T-cell or B-ccll-induced tumor-cell lysis most unlikely. Preven- 
tion of tumor growth by antibody-dependent cell-mediated 
cytotoxicity via the residual natural killer-cell activity in SCID 
mice, however, could be excluded for monoclonal Ab3 4A4. 
The use of anti-asialo GMl antibodies, which completely 
abolish murine NK-cell activity (Habu et al, 1989), had no 
influence on the protective effect of Ab3 4A4, which was 
therefore considered to be specific. As further suggested by 
our in vitro data, the protective effect of Ab3 4A4 can thus be 
ascribed mainly to complement activation. In contrast, Abl 
HRS-4 prevented tumor growth predominantly by ADCC as 
demonstrated by the reversal of its protective effect after the 
administration of anti-asialo GMl-antibody. While differences 
in the affinity and the amount of administered specific anti- 
body binding sites may partly explain the only incomplete 
effect of Ab3 4A4 on tumor prevention compared to Abl HRS, 
the different mechanism of cytolysis appears to be rather a 
result of the different isotype than of the idiotype (Davis and 
Metzeer, 1983). The observed ADCC by rabbit polyclonal 
IgG-Ab3 further supports this assumption. From the above in 
vivo data it appears unlikely that the lack of cell-mediated 
cytotoxicity bv murine Ab3 4A4 is due to the use of allogeneic 
human effector cells instead of syngeneic murine effector cells. 
The rabbit*Ab3-mediated lysis of human tumor cells by human 
effector cells, however, strongly suggests the feasibility of the 
anti-Id vaccine approach in human subjects. 
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In summary, the murine monoclonal Ab2(3 9G10 has been 
shown to induce specific B-ccll-mcdiatcd immunity in both a 
syngeneic and an allogeneic system and to induce at least 
syngeneic T-cell immunity (Pohl et al, 1992). Moreover, this 
antibody induces, depending on the immunoglobulin subclass 
induced, CD30-specific complement-mediated cytolysis as well 
as antibody-dependent cellular cytotoxicity, even across spe- 
cies barriers. This immune response was shown to be effective 
in preventing growth of solid CD30-expressing tumors. While 
the somewhat anecdotal results obtained by only a single 
murine monoclonal Ab3 of IgM subclass and a polyclonal IgG 
preparation of rabbit Ab3 do not allow us to predict the 
immunogenic effect of Ab2p 9G10 in man, our data clearly 
indicate that this antibody is a good candidate for idiotypic 
vaccination against Hodgkin-associated CD30-antigen. Future 
studies will include histological screening of this antibody on a 
wide panel of human tissues to establish its safety (e.g. to 
ensure that it will not induce autoimmune disease) and to 
determine whether it can induce any of the above immune 
mechanisms in man. The results obtained with our tumor 
model therefore lead us to propose application of this antibody 
in a phase-I study in patients with Hodgkin's lymphoma. 
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Hodgkin's disease with monoclonal antibody Ber-H2 (CD30): 
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Summary. The: iibiluy of ihe Bcr-H2 lCD3U) monoclonal' 
aauhouy (oiAb) to target i„ mvo Hodgkm (Hj ana Heed*. 
Sternberg iK-£j cell* was investigated in six patients with 
advanced Hodglaos disease (HDj. The patients were injected 
witbscfllea-ap qaminites. of'eMd' Ber-H2 im*ed-up to it small! 
dusc of "'l-labefled Bcr-H2. and in ™> binding of the' 
annbody toH and R-S idls wasassessedb* urnnuauhntolc^i- 
cal analysts of tumour biopsies end UiununcwctniieraphyJ 
Only 50%ofmmour$ifcs WtfreunaKnlatsciaa^rgphy by ibt ! 
J|, Mabdled BeMi2_ In contrasr. luimunohistolc^ioJ scudt^i 
on Utoue biopsies, taken 24-72 h fallowing «Afc! 
miecnon, showed tint H and H-S M(s in all tumour sitesi. ! 
Including thoic that were not imaged by 11111^*0^*681^' 
phy. wtre specifically and strongly labelled in v?u0 fc,y , 



injected Ber-H2. at d dwe as low a* 30-50 ,n B w f aociU>dy |* 
mo binding of a s,aele doseol BervH2 mAb to k *qd H-S cells 
did not rwuk iir any ana-tumour effect The excellent wVo 
Waig oTH and cells with the Bcr-K2 mAfrmay haw, 
teeiube renujrof multiple frvuucablc faccur* including («) 
the reacted apie&un of CbcrCDJU antigen in normal 
tuumn assucs; (bj me low lever uf soluble CD30 m the scrum 
oWpadrnts; audccjihe high affinity ofrheber-H2 mAbfpr 
the CD30 moteculcThc unmunotuitotogical resuUi. prts 

te-H2 mAb as a earner for ddivertf^ cytptowc agents 
(fsotopc* or nu,ns) to neoplastic cells of HO refractory to 
conventional therapy. 



Tbr Ber-B2 monoclonal annbpdy iniAbJ (Schwartm^ ct a!% 
1989) recognizes a facaUvrtesisthnt epitope of pfae activation . 
anngea CD3Q (Kj-1 ] (Schwab tt a/. ld«2). arfycpprottinof i 
120 kD which is strongly e^pnaacd on the smfcee of Hodgbn > 
(H) andRctri-StembetB (R-SJ cells of Hodg fan's disease (HDJ 
(Steta m ul r 19^5. 19S9; FaUw cr o/. 1987) and aJt eclb of e 5 
flewly nxogoisecd carpgory of higU-fir<ide OQn-fcfodglOu^ ■ 
lymphotnit. i.e. ao^plasnc large cell (ALC) lymphoma (Stans- 
Wd et 19««: Pilcn cf «/, lytiU; Faluii rf a/. 1990). in, 1 
twrmal humun tissues, inc Ber-H2 mAb only reacts Wh a ( 
smallpapulanon uf large cdbpreferenttdlly lotalted around- 1 ; 
B<ep fcllicles (Schwarune & al 1989J. 
The rwtneted in vitro reacuv^ry of Ber-H2 with normal andi K 
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patbnjoflical buoi^ u^ makes u a potwioal candidate for 
thein^uDothempy of CDsO^pres^g pzeopfems (ue HD 
and ALCJympho ra asj..Howevex. before Itcan beprapoapd for 
Itepmpose (especial^ if the antibody b going to be coupled 
to cj^tnxic aeeac}. stiia cruc^l to know whether the in «*, 
disrnbuDon ofUusanubody faithfully mixnics chat observed in 

wo. it * m feet, wdr kno w ^ of lm 
fector, ^rtuAn^the^biliry, i^pcand molecular sbeof 
ihen^.thepraeiiceoftdrsecanegenmtbe*^ thesu* 
and vascularization of the tumour, the permeability of the 
vessels to the caubod^ and tne abiluy of antibody to 
reach Us target without bang cleared by a* liver or sp|e<n 
may aiect the m ^^dxttriutfflpi ora given mAb (Rosenbers 
«/. 1989; Schdnherg. 1988). ^ 
Xte purpose 0 r this ^rudy tp invite the m vivo 
distrfbuoon of the Ber-Fi2 mAb m s* p^n^nri with advanced 
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HD In particular, we focused ouratteatiun on answering the 
following questions: h the annbody able ro reach the tumour 
edb (H and R*S cdUJ in a sufficiently high concentration 
when given intravenously and at which dosage? Is the 
restricted m vitro reactivity or the bct-H2 mAb w.di noraial 
human ussues maintained jh vo*P? 

To achieve this end„ panem* were injected, with ^ulcU-up 
qiinattuea of'coid' £«rr-H2 mUf*l WrCb. a *ndli doSc (1 rag) of 
i«j_label!ed 8er-H2 T and w v/vo binding of the antibody to 
normal and neoplasty tissue* assessed by imniunohtstolngi- 
cal studies on lissue biop^e* taken 24-72 h iUlla>aflg mAb 
injecuoo and gamma camera anmunoscinjifiraphy. 

PATIENTS AND METHODS 

Patients. Six patients with histologically confirmed (Lukes, 
1971) advanced HP m relapse, who were potential candV 
da^s for m two immunotherapy with aau-CD30 mAh. were 
Injected with the fer<H2 mAb (Table 1). In alt cases. 1 00% of 
H and R-S celb detectable la lymph node biopsies taken at 
Ininal diagnosis displayed strong surface reactivity with the 
Bcx'tiZ mAb. The in binding of the Injected antibody to 
normal and neoplastic tissues was assessed by irnmnnoh^to- 
logteal analysis of tumour biopsied and lmmunoscuiiigr&phy r 
as described below. The study wa* approved by the local 
ethical committee. All panents gqve informed consent for (be 
above procedures- 

FHnfitatiofl of Jir B«r-H2 monoclonal wUfrxt]). The Ber-rO 
mAb (mouse IgGl subclass) was purified from return -free 
hybridoroa culture ^npenidtani or mouse ascites by affinity 
chromatography on proteia A-sepharasc Ck-4B, fc) pre- 
viously described (§y d al 1978J. the ana body was euired 
wuhO'SM citrate naffer pK 5U. and dVlysed again&t 0 Ul &a 
PBS. pH 7-2. The antibody preparation was >$$% pure % as 
determined by SDS-f ACE analysis. Alter ulcracciiuirugtttiun 
to remove mlcrnaggrceaies, the preparation, was passtsd 
thrombi a 0-2 /on filler (MiiiiporcJ to ensure sieribry. <md 
Scored ar -70°C poor ID use. The panned antibody passed 
Che safety control tests as Dftaojished by (lie document 
eomied *Empfehliuisen fur die Rersreiliiris and Prtifliug tn 
vow appUzlerbarcc monoklonaler Andlcorper' (J9S7) In 
particular, the antibody preparation was shown to be free 
ftom bacteria, <ung1 and advenutioos viruses (as documented 



by the moiisc antibody production. MAP, test). The Lunulas 
Amoebocyle Lysace assay lor endotoxin was neg^pve The 
tctel consent of UNA Jbr dose { 1 5-50 rag) was about lO 
piaigranwnes. 

RodtDUxlhnQ of Bcr-H2. Altradioiabellin^ procedures were 
perCormed at the Radio-Pharmaceutical Division of Sorta 
Spmedtcii. itolugpa (VC), Italy. The lier-H2 aiAb was 
ratnoLOdinaced asmg tlie lodogen method i Pierce Kucjcford. 
Uii) (PraKtffA Speck. ly7S)-Thc aapbody 12 ms at 0-33 mt 
PBS a i prl 7-4) wa« added to a reaction vial previously coated 
Wth 100 /tg lodogea. Na lJ 'l IS mCuZ96 MBq) was added to 
the vud ana the- reaction mixture mcubated for H ruin at 
room tcmperaron? wQev niqgnebc iOmng. Tbe radiolabell- 
ta^ efficiency was assayed by ascending chromatography on 
lijtica gel plate (dueni methanol/ water 85:15) The mean 
labelling yield was >35%r The unincorporated Mi l wa* 
separated by anion exchange . chromatography through a 
syringe containing 1-2 nil Dowex AC lXBresin (Brorad) and 
elutedwlthBrnlofO 3%HSaQ(H w phosphHCfi buffer arpR 
7-4. After lodmnnon. the Ber-H2 mAb rcraiaed more rhan 
70% of its basdlnc immanortactlVity. as shown by. a frozen 
araon assay. The final product was stent and free of 
pirogertEt. 

Antibody adwintetrutlon- An intradermal hypersensitivity 
tcut was performed In each patient 1 h before ni Ab adminis- 
nation with 20 p\ of 1 us/ml of the antibody preparation In 
Ktcrtle buffeted saline. The site or injection was observed for 
] 5 min, No posxuve rebctfoni was seen. To minima? thyroid 
uptake of radioiodine; patients were treated with a saturated 
soluoon of potassium iodide (10 drops, three times por day) 
from 2 d before injection until 10 d afterlRosen ez al r 19877* 

Panent 1 received only'u-s rag ,n Mabclkd Ber-bVc. 
Studies of dcaledrup tkweS were perforin ed by co-lnfftcnng 
patamts 2. 3. -4 and 5 With l,m& in Mabellcd Ber-112 and 14 
;Vjjg{twocaift>l 29 nig. or 39|ngunlabdledBer-H2n3Ahlbra 
'rot4l dose of 1 5 mg. 30 mg and 40 mg respectively. Patiant S 
irtceivedonly 5U mgof ujaUbflUd13er'H2-TUeu*5 mgdotsc of 
jradfnlabeiicd Bci>H2 was mjcored over 10 mia Higher doses 
at the aonbudy were given as a continuous 4 h InQjsion in 
:| 5.u0 ml of normal saline [containing 5% bum an serum 
^ibumlu- Papcpxs were routinely pcemHira i fd with lOmgor 
cjorbnlramme 30 nun before anabody udrmmstratian- Virnl 
(signs were recorded frequently during antibody infusion arid 
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'Rate? KO the opnraal mnteing umc- post-injection of Ber-Hl 
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be ing Axed m A S and paraflin-embvddeU for roimncdiagnosis . 
3dd the oifrcx snap-fraam in liquid nitrogen, tut »c 5 >«m in a 
cryostat and used Tor itnmuaohi&tf>U>gical studies. 

JmmunaliKiolo^ical stitdtes. ImomnohisiologicaJ analysis 
was peribrmak^n frozen UiSue gectiun* that hud been 
previously air^wovermght at room itrfTiperuturc and fixed • 
la acetone fur 10 mio IF-lm* «r al 1 9H4, 1 *tf *). 

Jrt uiw binding of the Ber-112 mAb iu H and K-S cdls in 
nssiie specimens removed following tlic iu>yb injection was 
a&c**cdby direct incubation oruvsiie Iruxen A*ctic»nS with, the 
secondary rabbit aufl-mousc l& followed by APAAP com- 
plexes (CordeU ct al I9H4>- In order to avoid any cro*»- 
ecactiviry wtth human inimunoglobubas. die secoadary . 
rabbit anybody was pie-lncubatcd with 10%normal human 
serum 1 b before the immunotrtaining procedure: Frosen 
sections from pre-roAb infusion lymph node biopsies mcu- < 
bated with the secondary rabbit aotmoase Ig annbody 
served as a negative control, and frozen sctQons from pro- 
band posE-mAb tnfusinn lymph node biopsied incubated witli 
BcxvH2 as a positive control. Other cootrols included APAAP , 
staining of past-iaAb infusion biopsies wujri the following, j 
mAbS iKnapp et al 1989). CD3 (UCUTD- CD20 (L2oj, Ber- 
Mar 3 (antwnacropliaBe). and K>&7 (aim-proWerattag celb) ; 
(GcnJcar-rtflL 1983J. ; 

Raiiielmmunodutgnosne slides. Whole body mulnplr e<nicr- ' 
ior and posterior images (4 ruin, per image) Were obtained 
within 2 b and daily fur up to 6 d after the ttxA b infusion using 
a largc-fidd-of-vifw gamma scintillation earnera (Cfi oaxica* 
mera/37) wtb a high energy collimator (40U keV maxi- 
mum). Patient I w<*s also subjected to single photon emission 
computerised tomography (SPE£T) *& and 72 b posi- 
InJusiou- The data were stored and analysed in an Interfaced 
computer system (MEDUSA. Scpa) which generated digital 
Images. Scans were read independently by nuclear 
medial physicians with no prior knowledge of disease she*. 

Serum assays* rYc-infusiop. scrum levels jof soluble CD30 
motecul* in the serum were decerminrd in tiye panen ts by an 
HEJSA technique, as previously described (Pismlo H al. 1990) 
using a prototype kit developed by J. Kyh^ Anderson, Dako 
a/s. Denmarfc- 



RESULTS j 
}fl$tnb$ical and imrrtuwhuiolttgicttl snjrfie* j 
No ussue specimens were available tor study from patient 1. 
All morphnlogical recognizable U and R-S cells present in 
tumour sites (superficial and abdominal lymph nodes, spleen 
and bone marrow) from four out of the five HD patients (Table 
II: cases 2, 4_ 5 and £). including chose enensed by bundlesof 
fibrous tissues m cases of nodular srtcrWng HDL were 
speclfically labelled in viva by the injected Per-H2 mAo tF)$s 1 
and 2). In cases 5 and 6. APaaP BtauW or control froien 
sections with B*Mi2 mAb u*ve an idcjnncal reacijviiy 
pattern. sugEesnngihaLtnOSt, if not aJL CpiO binding s*to of 
neoplastic cells were saturated in Wvo by Ber-K2 at dosage of 
30-50 mg. Weafcer vi wo targeting of rumour ccUs..v/ns 
observed ta panenc2 wfao received only 1 5 uig ofBer-H2_No 
tn vivo labelling uf neoplastic cell* by 8er-H3 was observedm 



hi Vivo labelling of 11 m4 R~S Celts with CD30 mAb 41 

lixbelliofi wa£ highly : selective, store no other cell 
'ponspcuencs but H and RrS Cells were stained by me 
I Wondary antibody alone in (ro^en sections from all samples 
j ^studied. As expected, mcuhation of frozen sections with a 
- rjOinber of primary mAb> other than 8er-ri2 r replied in 
. -APAAP labelling of both H and H^S ceils Idue to binding uf 
• Ber-tU in mo) and the cell populaifOn ioentifted by che 
corresponding mAb tn vitro (e.g. robcropha^ by 3er- Mac 3 ). 
; HodgM and K-S cells in : pre-mAb infusion lymph node 
ij^pecimen^ MpQ to stain with secondary antipody alone und 
Served as a neganve control (Pig. 2c). 
| In spite of positive imaging, the liver of p^nent 2 was not 
! k ^ustologicaUy n volvcd by HD «irtd no Ber-H2 was detected In 
jthe organ at hnmunohislolpgical level, in consequence, the 
exact locaiixazina of radiolabellcsd Ber»H2 In the i ( vcr couid 
ju>r be estabbshed. 



patient 3 (injected w>ih 1 5 rag mAb). In all 



RaJioimayuacdvigruniuc yitrfics 
t{ irhu clintcaL chanfCtercAictf of the sjx pauents studied are 
, listed togerher with the s-pecjfic organ sifo Imaged and the 
j EuDmu^mtusto logical results, in Tabic II. 
. ) j Tumour sites were usually v^uaujcea 2$ b following mAb 
jinjecuon. However, npnmal images were seen at 48-72 b- 
. -when bfood background activity had decreased. Only 50% or 
I' iices previously documented to bed irucQlJy or pathologically 
[ involved by HP were viGuaiu<:ed by ifiimumxfcixiugraphy with 
: radiolabdled Ecr-H-? (Tabk U: Figs 3 and The beat 
;j bmagmg atpla oar scintigraphy was that seenm patient^ (Fig 
%) who had large lymph nudes (2-3 cm m size) containing a 
^igb percentage of H and ft-S ceils 1 - IS^J. Immunuhtvtolo- 
! yieal stutjlr^ (see-Fig 2b, b I provided conclusive evidence that 
the po&ive imaging m thltf i&se. w^s Che rcuult of the specific 
• w ui vu bindingof > " 1-W belled Ber-H2 to H and K-S cells rather 
j;han the consequence of non -specific uptake of the antibody 
by cells of the reticujo^aAothelinl sya;env This )s further 
Supported by the observation mat no targeting orneck nodes 

;vas observed m this patient fallowing injection with AJ, I- 
abclled unrelated mAb (aafl-CEA) of the same subclass as 

j' Correlations between hnagin g and in vivo unnmaohiscolo 
f ; ^cai binding were available m 2. 3. 4 and 5 (Table 
' Noteworthy, lymph nodes from two patients (Table U; ca$es 2 
\ and 5) were not imaged by 1 "labelled Bcr~ti2 in spite of the- 
) stronfi in WVP labelling of. H and K-S cells by Ber-H2 at 
[■ irmuunohistolngical level 

Non-specific Uver and spleen uptake w$s seen in all 
r (ioanents. Thytoidand unnary bladder uptajceof Ut i4abdU4 
r-H2 wsis also a common finding, that indicated in vjVi> 
alogenaoom Thyroid uptake occurred id tfpite of the 
: ^liidtfunistrdtinn of potassium iodine U-ugoi) snluuoa but did 
t nor tfiase hypothyroidism in any of our paaenu. 

i 

Clmical effects and toward 
There was no measurable decrease in the ^ of tumour a\ tes 
jdurinfi die m^crval (range 1 S-^0 d) betfefeca mAb infusion 
ll - and bepnning of salvage therapy in any of our parents. No 
" (tcaic dfects ur laboratory abnormcLb ne> were documented for 



posiilve cases: m • ^my at (he ficr-B2 doses given. 
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ffel.P«Cfem2 (<*) Tte spleen rtmoved ac fep-recon^tt h Uaw.n B niAb ^ccuoij masfcve irtvfilvAn™ h un „>o 

CoUntcrsUun. «*00} I ^ iwndka ,ti r*Uj. Indole* ft c tt)tf<J l aticnot <h*cmoio*,l ( n 



Serwri att^s >■;. 
Prc-trc*«irramc CD3u scrum levels in five HD p&tjeats ire 
shown in Table IL Drtccrable levels of soluble CD5U wfcre 
&bsen; In the scram of 25 healthy controls CPitopla era* 
1990). , 



DISCUSSION » 

Tto paper contains th* following mrcrotms daia («i 
.mmunohbcol^cal ^tdenceih^cgoud m vivo uterine ufH 
ana 8-S cells in Ml site* invoked b y H1J can b c *ch,ct/£4 wltn 
dose* of iter-H2 mAb a, !o V « j e ^ 5 0 mfi . it) taomno. 



. vat.'"-- <>«. 




(a) 




I6| 



'if ' 
FiSt 2* Md 2b. (*ft n** lymph nodet>iop5> rafcm 4« ri follow .ne a«-H2ui<b«.D (pat^u 41 uiTbrtw^, 
nwose aotlsctura-md developed b, uu= aTaaI' t«h nrtl « ^wicuiwH^ a c^S , W)lWfrn»«i sccfun. mcuUtd witn r^t aw - 
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Rg 3. Paucnt -4 Anterior view of me fceaa 4o n loi towioft imuston of 
' J 'i-taDeilcd Bcj--H2. A left Do*. lympnoma ro*c£i IT. anow) is dearly 
unagcsj, "Indicates thycu*4 uiicakcr 

histological fJemanitraQon of ta wva saturation of Q>30 
antigen sues on La rg en cells not detected, by ^amrna imaging 
with *« J I-labdlcd Ber*H2: U) InamttoohistoloBical evuJcwte 
thatm ttfotnjccced Ber-H2 niAb binds exclusively to H andR- 
S ceHs, which is entirety consistent with the Bd>H2 rtauaug 
pattern seen With in Wtro labelling of tissue tjcccioos::-ji]> 
optimal u2 rtvo binding of a single dose uf unmodified Ber>H2 
to Hand H-^ccUi<Jo<rf«ocpfodutvat>y ami-tumour effeccfc) 
there are no sidodfeccs us&c&Zcd With tho adtniru^Cttriunof 
the BtvHl mAb at chc du*ase used iu this study. 
The mosr important finding, in ibis *tudy *as the jmrauno- 



In Vivo Labelling of Hand R-S dells with CD3Q mAb 43 

histological demonttraaontbat, when injected in vivw, Ber- 
, 112 *s able to reach neoplastic cd|s in all body site* involved by 
HU and binds only to H arid R-S cdl*. The previous finding 
(bat m paraffin secooos ft~S cells contain passively absorbed 
poryctocud. pfnsjna immunoglobulins (Papadimitnou n uL 
ly7«) raised the question a* to whether the labelling uf our 
patten b' Hi and K-S ctlb wi) the result nun-specific r/r Wyp 
binding of the injected her-H2 m/ib through the pc (raiment 
rather than through the specific win body determinant 
tCQ30j. However, mis possibility wdi excluded because the 
binding of the Ber-K2 m vivo was identical to that produced 
i>y the antibody in vara (e.g. surface staining of all H and R-S 
celisX whereas humao plasma immunoglobulins are detect- 
able withm. R-S but not H cUls and die staining ts tncracytf>- 
plawnic (Papadmutnoa cl (&. 1 978 J Moreover, there wj*s no 
non-specific in binding orBer-H2 by normal ccf b bearing, 
the Fc receptors (e.g. macrophages. interdigitarui& reacufum 
cells, etc.) m nay of the human lympbo^uexnapoietic tissues 
studied (ryrapti nodes, liver., spleen and bone marrow], This 
finding ^ In keeping with chc iuununofinuniag pattern 
already described for the 8er-£12 tnAb frr vitro (SchwarDag. cp 
a/. 1989} and may be related tu the low affinity of the Bcr-H2 
mAb (roouae IgGl subctfcii) for the human Fc receptor, ia 
ttux regard: the &er-W2 mAb diflcrv bm the prototype- ititi- 
Cp30 mAb fc'l (mouse tgC3 subclass) rhbt has been 
reported to react with activate macrophages (Andrecsen ct 
fll. 1989). 

In vrvo targeting oCU and R-S cells in our pan cm t5 occurred 
under conditions considered to negatively influence die 
biodbtnbution ofoiAb* within neoplbsoc ima^s, e.g- bulky 
drone and areas of necrosis m the spleen {cane 2) r and 
nuduFar ecienwmg hn»twlo£jr (case 4). There wa* immunphiS' 
Mogittd cvuixzocc of in wvo bwd(a& uf ^cr~H2 to H and R»S 
cells from the 24th hour [cases 5 and 6) but ic could have 



to) 




ftg 4- Patient 1 (a) The aWomuinl Cl" scan shows Urge lymph node itui«a r)i between the kWn<?y*. IbJ spat (*n#r pnoton emiajnon 
cptnpqterbced umiOijraph^ j * ilic tumu= abdoromal fcvel i(at.72 & *tter mAH iflfiwun- Ly niph nude ma^ (T. orrow) a/rurw^by 
^HabeUed Ber*H2. 



Oct- 1 1-02 11:33am Froo-LAHIVE t COCKPIELD. UP 



4 



6177424214 



T-078 P.0B/Z5 F-9 



44 B. Ftilini el ql ' 

' .V 

occurred even iwrlier. The .innbnUy still delectable on 
tumour cells 72 h pitot-inluaion (cu* 2j. !; ; 

Noteworthy, a dose of only 30-50 mg of |fcriH2 mAb was 
sufficient to produce a good in v,*> targeting of ttatul R-S celli 
«o all bo4y sites involved by tno disease Thut dose Id f ar lower 
than that reported to Be necessary &r goud in vwiargeijos of 
human lymphomas with other m/\bs (MJIerW «f w>. 
Brown cr..J. 198*. pre*.**/. W87. HasjEarVia.d.'i&yoT' 
In particular, doses rungm* from Sou , ng m^s e „f aon- 
idiocypc {Brown « „[. 19S9J. IPS lum^OouVtPMtt rr «i 
1!»87J or MB-f («rtq^037) (tress et a/. JS89j.mAl>s were 
found to be neccwary f ur gooa in rin Upeh^g&m&bgiuuii 
ocOs in aoD-Hodgkio lymphomas of B cell typi&d. dap, te 
the high dose, anegeajc site* were only paroaUK saturated. 

The restricted expression 0 r the CD30 molecule , n normal 
human tissues (a small subset of large cdb around B ceir 
rol|»clK)(Schwabrtfli. ]982:Schwaning««i, I«&9)ai>d/er 
the low levd of sulublc CO30 molecule detectable in ,tb c 
serum of oar patient* (unable to Curate the amount of the 
injected mAb) majr have beeo crucial in fev6umm the 
distribution of toe Ber-Hi uiAb into tumour sftesJAddmonal 
favourable facrors pos*bly include the (ugh affiniiy.of Ber-H2 
tor the CD 3u molecule; tins antibody is directed' a B*uosr a 
rijrative-rwisrant epitope of the CD30 molecule? «nd hm 
proved to nave m vitro a higher avld.ty for C0 : *H>eartna 
normal I and neoplastic ccJb than the previously: rcaofttd 
mAb (Sdiwarting ct ai. J9S«*j Also ttui' dumber of 
neoplastic celb char need to be saturated by the mjoctcd^ t, 
in KOisiofiras compared co oon-HoUskitt lymphomas, since 
K ~ s °* *>ly amount for a small percentage of the 
Whole cell populapon in HD involved tissuta. f 

The lack of uwnunohurologwally Uucumcoced i« ww> 
binding of Ber-H2 to h and ft-S cdb in.pa«eot 3^ ay have 
been, due to one oroaore of di c following law dosttof injected 
mAb US mg). mediastinal bullcy disease', areas ofiympbu- 
cytedeplction HO. high lovel ofCMOeitcutahng io*he serum 
I - 1200 U/IJ. anatomical factors of tbetumoar.l h' 

Mbnog of a scaled-up dose of cow antibody with a >mall 
amounr of »il-Ubd|ed Ber-H2 gave us the oppb&inuy to 
ascertain whether the Bnmojwhiatologically dajunented 
binding of radiolabeled anhbody to H and R-Slcells was 
fcaoaafed with any imaging of tumour sites ''at planar 
«jnngpaphy. Antibody imaging of «0 would hei'of great 
vaJue in sagjag of this cond.no n and in predicnnetegeanE 
orwmour ecus by Za-m m paacnts who arccari.ikiapVfor 
CD30 mAb tminuiuitaerany. In spite of the documented 
ImmunohisEological targe tio ii of tumour cells fayl&efrfli 
only 50% of the tumour sites were imaged lailpja^r" 
santgraphy. These false negative results njayhavebemdue 

»u^«aM!ttMofiheinvolv«dVmphirodcsCabtwiil75w^ 
pattents 2 and 5) IMurray ep «/. 198 5). and/or the iW 
perpsntafie of H and R-S cells P r»«nc in the turi&u- sites 
(- 5% of the whole cell population). Thtm. no concision as 
to the value of '"Mabelled Ber-H2 ia unagutg of HBcan be 
drawnfrooiihisbreUmlnary study ^dfurtherlovesossWans 
oa a , brser scries of HD patients, possibiy using; : Ber-rU 
UiWledwlthlndium-l J I (Oarr^uUlortirf. iSSZjlniitewluf 
"'L are warranted- [••: 

Our immuiwhiswlogjcal demonstration of Bcr-fe anfr. 
body binding w all tumour even oW thar&r nor 

If 



f 



JSn?2Si^ ^ a stwl S argumenr for 

m^i^i 4 for tfe «»ver,n B cytoto*,c ag*,* to 

rcrracuiry to oonvcnr.on«.l rherjpy. Bec,,^ mTbjlwv 
n^ttve. coniugat^uf the iMU 

coJ^l ^" A 4 . Ch0l ° ur .hould also ft, 

conaoVrcdlor.minunoihcrapyofHD.s.ncctheycxen^ 
Ulmg acuvty un cultu,^ hi) cell hn«, [L^^^Tr, 

provide a very ^sinye tool for prunes 2^ of 
«t»wy ofBcr^f2 pnmunoconjugatft- ro i^t tumour c«IU, 
ACKNOWLEDGMENTS 

We wuuld hke to ,W frolerfor y, Kraft, 2e«tralinst,cur for 
Ver^nerwcnr. Haanuver. Germany. (bc por^oTZ 
-nnbudy producnon (MAP) te.t; wStoaJj 
^u^nuool^e aer Dmverslta, Mumch. Germany T 

a u il' 7^ ^ " * ree,p,e,K of 3 Wlo^hip from the 
Ueuccm* e Lwfoniij This study w to supported by Bran ! 
CNR (Senoprefctto finauaam 4 -aCKO • to B P. 

I 

KEFEKENCtS 

Brown S,L. M,l|«r. K.A.. ttarn^g, S J.. aerwu^,. D .. Hart i M 
651^661 CDmb,oabon VlUl a 'P»" interferon. Blood. 73. 

^7?"* SM f,987 » to-WlU T101 nwno- 

^ " Wpenar te lod " 1 ^ 1 " TlQl .n waging of 

.^^f K.AJ. Steux H. 4 Mason. D.V^S^ 

U^naocn^c lately of monoclonal -^Obod** ul s 

atetane pho^haase (aPaaP c^mple^l Jo.ma/ ^ 

b.^ao^lchckLDB^ iMPulojNuaterMo,^. 31,97}- 

^ ^ l P j • ^ ntwra - PH - ^« -Brown. SJ_.Mu£ 
of IKdl lymphs, i^uaj 0/N()fW 7 X U57 !iT^ 



U4/ AO/ £UU* fAA OUO tlO fa t M U 



OcHl-02 11 :33an 



FroiHAWVE & COCKFIELD, LLP j.jj 



HI 7742421 4 



T-078 P. 00/25 F-989 



1$ 



Bmflfchlpagefi tlir die Hera din rig und Prulunfi //j v/vo dppJc^rt*rcr f 
fnoiioManaler AnUfcorpcr (1987) £W$c/k: /ylcdizinix.<fcc vyoctyoj- 
flcriA. 112. 194-19H. m 

Enecrt. A_. Borrow^ P . Joo& W . Tawf! P »,.. Sseto, H.. Pftrmid^. . 
cnuh. fcf., Oetil. V. & Thorpe P. U9UOJ ^Uuolion uf runnel 
cU4AihCQ0[aiaiQ^ nnmunoioxiru directed against Hie CD 10 anrri-j, 
gen as potential rraflcnu Tor ihc crcaCmcru or riudgfcwV occ«e 
Cuib-or Xw(tnJ\. SO. **-*JK .j.jj 

By, El_ Prow^. SJ & Jcnkin. C tc 1197K) liuitmun of pure igiUjf 
IgG2a and lfiC2b i^man globulin from mouse suruiu t<Siug:[ 
proteia A'ttpnarCtttr. Jr,inhi/*i*7u:*M.r*r£/. 1 5, 4-i^-4 Jo 



n-rJ 




Frfjinu B . M.R.. Tenant*. P.. Mfl|r. D.J.. Cardcll. j L . CjUfH 

K.C.. LuraU. a, Stem. M & XU^on. 0 Y I l9B4)T)*elmrDUiiOlust«4 
logical analysis of lmnutrt bone rnarryw utprunc biopsies itsingi-, 
monoclonal antibodies fottofi huftuti u[ tUemuwlvgg* S6, 3654; 

P<dmt. B. PUcn. & MfiaeUi. M-P. (1989) iiitfutogicsl *pl|! f 
tfpanxaohibtolo&ial ana (y&rS of bLUTiaa lymph Qm^s. Critipjtf 
RnnewS in OnMioto/tiaawnloJauii. 9. SS l-^O y, j. -j |, 

Palm*. B . Pilcax S . StcaQ. B. . Oeomtaa. 0.. tf aikobacb. p . 1^4*4, 
MjnfcDi. 0.. Poggi. S . ManaUi. M P., Palieseu. G. & Palrttw.fti} 
U990J Variable expression of ic^ca^ynr c^maion (CD45) AntigjEtij; 
in CD30 (Ki-DiaastfaVE anapfuac large cdl lymphoma: impltca^ 1 
tans Cor t£c diffcrcnuiil diagno^s between lymphoid and 
lymphoid fnab£OttHQcs. Wiaman ^ut^ologjj. 21. 63*-b2«J. 

Paluu. R, Stein. EC. PiWn. S . Camno. S.. Farabb*. ft:, Martdli. M jpjjl 
Grigoaid. P^FafcliOli, M.. Mtncih. 0.. C«mi. C & FlcngAk L (19hW 
Rrpnwsmn. of lymphotd^assaqazed autigeu* oo Ba^Un'^ oiii 1 ! 

cal s^id7 on (ympn node cytospiiu nxmg monnrinnal anubodiesLr 

fiakcr. PJ £ Speck. J-C (1978) Proicin and cdl mcanbran 
Icdiaatian wizta a jpann&iy soluois ctilonnndc 

Gsdoi. J . Sctwab. U . Lcmkc. h. & Sunn, ri. Il^tf 3) fruduiuua 
cuotue moDodouai anxtbody rcacuvc wicb. <• QOBU»n ouOe^^ 
anngen acsoaaosd wah ceff protif^dwTi. imcnmitom*} Jourtinl bf^, 
Camzr. 3Ua3-20. i'j; 

Khapp. Obrken. B - CilKi. W a.. XUcbcz. e p , SchmdJc R E . Seeing 
H- &. Vaft Knrrr- A.E.C iJ 969) V/h/fc Ccfl tl^frniiflli^t^ 
Arulacns. Oxford Untversiiy Press ,^ • 

Lttko. R-J, (1371) Catena for m»oJvcmcru of lympU nixJc ' " ' 
marrow, Sp]ce&- aod Uver 
3X.1755-X767, 

Uifler, ^jV. Maloney, EXG.. Warnkc. E.a. 5 Uv>, R. (1982] 
Tmimeot of B*ot\i lympbooia wnti monoclonal aiui-uhotvpc: 
dnnbody. /W £nj}|[iii4 iowr«ol MctU hit. 306, 5 1 7-522- ^ ;: „ 

Wuro>. J-L. Kosciihliitp. ftCG., Sobol, K.E.. Banbolomew r KMS 
Placer, ilaynir, TJ>.. ]abos. M P., Qfoo. B.j.. UoiLl ^.J' 
Benjamin, K.5.. Pap^dopuio?. N , pod4rc. a.. Ft>nct^]JLt, Oavifly 
CIS ( Cwlob. D ]. & HcnOv. E-M- U9flS| kUdioiramaiiOtsnaftin^ Si| 
maiiQA&ok fnct«nAm« wim u 'ln-iapeUBd monor(onai anuboo^| 
9&*5.Cm»CT itcfinrrd). 45, 2376-2281. >]'; 

Papaduntotea- C S , Sfoii. H* & Lcnuctv K t 7tf> The uvnf4c«n> of jj' 
laxmuuoU»SlDCb£tnKal iUUUil^ panefu uf hodulan and K«d*| 
^ambflr^ odb ptQU>n»traoua of uuiuunogjpbuun, albummlj^ 
ojpb^l-ancichymotrypsin <&ad fy^Luyroc inuumttvmxl /aurmJ oj 
Omr. 21. 5 U-541. J- 

PUen. S, t Mana. P., 2iuiam. P U- Pog^» s - C„ paliot. a'fi 



labelling of H and fl-S Crfts Wth CD30 mAb 4S 

Turj. SMl^JiyjKi-l lyOipFH^lia *nd |ltid»km'a (Jivau: Hucnttilutn- 

ifjCH. 74.543-53^ 
PuaeOp. C Vlnaatc, P.. OuUxL. M . DaUonbacn, P.. ju»imuv«:- 

Alawn;. O . Dum*nwAin ( T.id Stem. H- (ly9u) 2>urum levels of 

soluble CUiO raojemk (Jn-1 anu^ril lit jiulgKici'> dtaouc 

tidaifomhlp. wdi di««racnviijr ana clmloil ^a^. ttmnh Ivw nut 

of HaeiW&toBB, 7?, 282-2*4-, 
Prm*. P.W.. AppidbJirtH. f. IcObcacf. J-A.. Miiftut, P.J.. Zirhrt^ J . 

Kidd. P &Tho0na$. Cu ll^eiyj M«ni*Jonjl aiauboay r*5 ( tf nu- 
• 0)20) icrothcrapj uf nuinun 6 ckII \yaip\m1\ini. fffttfvj fay, 584- 

: 

Prea Etfiy. J.K. fWdftfr. L\C. t Murun- P.J.. Appdb«*uro. P 
Levy. R r . MlUcr, K.. BruKrn. S . JSdp. Krobn. K.A., KiSlier. D.! 

UrfUwes. It.. Poner luddi p. Thamai. E.D. a bemitem. i. 

(1989) Tretfmcnx of n4raui(My non-Hodgkin'& lymppomas wiiU 
; radiolabdeaMB-l (anb-Ci)>7) ennbody. Immd oj Ci/flrM; ftira- 

!oa», 7. 1U27-103B. 
aiiacmbcr^ S.A. ? Idobo, D.L & Lob^. M.T- 09891 Pnncip|oj and 

applic-jLow; of biotogif tfterapy. CanCfT rnnnytes md Procfi^ of 

Oocfltift tod; tar Viui. Jr« jp. 301. Upprririitl Pb/ladfilphia. 
Rcofico. S.T-. ^Eoxncr. M.. Goldmai ^Lukia. a . Cordon. L_I_ tn^kic^ - 

ifi*. I.M.. KapUn. P.H-. Virjafco^D.. Ma*d«r. HJ ( _ Dyk^nc*. itf^,. 

Pfccyicf. A . £rivcesiun. ILA„ KoougtL H-H £ Spies, S.Aa_ [19 &7| 

tudioimmuoc^tccvion and radiQuniuuaouicvupy wf nnaneou^T 
, Jycfphomas uslne (a, l-Ubrfod rnonodooal amibodx; 

tUinoui C«isc£r Coonc*l swdfl /okhW o/ C/i^ica/ Oi^Xuto. 5. 

S62-5H. 

ScfictObcm. DA 11 9S8}TbccESiic k and aacol inonoctoaal andbudic? 

as anriconixraecnc^ T7uf Qiaiciftf OvuJ^m, 2, 3-1 o 
Sdiiab. Stcin.H.. Ccrd^ j., Lemkc U , jCu«beer T H.. Shaadc, M. 

&Dicbt-V U^SajProdacnoajOf a nuinoduaiil anobody specific 
, : foe Hrvl^in 5to* R^Swmbcrg cctts o/ tiodgkan a cbseaic ao4 a 

Su^arV of QOroW lymphoid /Vp^fr- 299, 65-87. 
&h*jninu. K . t*nfc=(. J.. iJiiriup;, II , l oliru. h . l'ifun, S. & ^iciit. H 

(1^89) »t-r-U2. * n«w «nu-Ri-l (tUJ»M i/Ki»«K.Uitwl «mibu4y 

dirtxepd «ic a fi^iu^|«. M »Uiol. cpit^Ji:. nfiW. 74, I ft7H-| ^,hV 
Snaufidd. AC; OnJxHd. J.. lUpanci. Y., Krltr (J ». C. Unncn. . 

MtudusKv&a. O.. Nod. H., R ( Bkc. P.. SandJrom. C Van Unruk. 

r.AJUf. & Wrigm. D.H (19H8) Upo^toJ bet cU^Bcauan for 

iympboma> tAiot. r. Zxi-zsi 
^Ccid^ CrrnVar. j. i. FdUni, H (19ti9) PhrtttKybie and 0*nOfypic 

niarfcera la malfga&iiE lyatpUnrpus. cdlubr bagm o/Hodgkut and 

^cznbcrg-Acpdcdls and lOipMcatton? ferttie Classification ofT-cdl 

and 8-cdl (ympbomcu-. fathobyij of &(l feteywrs and Taino/ 
Ai^Qojtioa i// bnmitfaYBbchc'mvtnf and hylrnaWiOR tn 

bimar di^asu led. by & Bctferr and K. HiibncrK pp. I2l-i«4. 

Cunav todhat. New Yoct- 
Stcto. 11. Mason. D.Y.. CtrOa. J.. O'Connur. N . WdjibcorfU 

Palkacn. a , Caucr^ Fihnl . V . Dcbo|. O, Lrmbr. a . Sch w art- 

mg^ K & UsuKXt JL (198$) Jht «cDit=i0op of ifca HodgaVi » 

dlasasa asaociated andgee a^l ul it^tiyc and ncQpt&nc lym- 
' pboid awir evldfifice duiKae4-S(erttbnv and tusaocyfic mah$- 

nanacs arc- fkriwd from *u3rvawi lympboid cdl* Qloodr $6, 848- 

8SIL 

Tjw»an, Pi-, tiolujucii . A-, It Tutiirv, b , Patau. H . ^omolt U. t Soda, 
M . Pikrt. S B CbbbuM-Sieln. h. & Sfcrper, p. (l9i*2J Bcr-fG (ann- 
C!p30>-<aparm immnni^nrtc* a now tool lor cne ircaimaif of 
f)odgkm~a disease and CDlQ~r 'lyoiphouws. (a Uffra «i/dlualiO&. 
Bnloinjottni^d p/Hncuntfoa^. rn ptraat. 



